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FIGURE L—The History of Chemistry—a chart 
{A chart of this kind can be expanded as desired) 
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the teaching of chemistry 

General Notes on a three years' course in Chemistry 

The following syllabus is arranged for a three years’ course, leading 
up to the General Certificate (Ordinary Level). The number of 
periods per week given to Chemistry is assumed to be one double 
period in the first year, one double and one single period in the 
second year, and one double and two single periods in the third year 
Each single period is of forty minutes’ duration. 

Each number in the syllabus represents one week’s work under nor¬ 
mal conditions. Such factors as the size of the class determine the 
time to be given to each section of the syllabus. For example, in the 
second year’s work on water of crystallization (No. 34 in the syllabus) 
the suggested material is covered in one week if no quantitative 
analysis is attempted. It may be impossible to include such an experi¬ 
ment if thirty-five pupils^ are to be taught in a small laboratory with 
a lirmted number of balances. Under more favourable circumstances 
the pupils should certainly carry out such work. 

A ‘p’ before a heading, or sub-heading, indicates that the experi¬ 
ment is best demonstrated by the teacher. Again, the laboratory con¬ 
ditions should be considered. It is, for example, dangerous to allow 
pupils to bum hydrogen at a jet to synthesize water unless they are 
carefully supervised ; hydrogen sulphide carmot be prepared by all 
the pupils in a large form unless a large number of fume cupboards 
are provided, and water carmot be electrolysed unless there is an 
abnormally large stock of suitable apparatus. 

It should also be realized that a practical lesson may occasionally 
be arranged so that the pupils prepare a gas, such as hydrogen 
sulphide or chlorine, in a test-tube fitted with a delivery tube. Thus, 
they carry out most of the tests on the small-scale in the first part of 
the lesson. Later, the teacher demonstrates the large-scale prepara¬ 
tion and by means of more complicated apparatus and his superior 
skill is able to show the more unusual properties of the gas. 

The Chemistry Syllabus^ 

First Year 

1. Introduction to methods of laboratory, marking notation— 
Chemistry as a hobby—summary of History of Chemistry. 

^ It must not be assumed that the author considers that this number of periods 
per week, or this number of pupils, is satisfactory. 

* Suitable modifications must be made if some Chemistry is taught in the pre¬ 
liminary General Science Course. 
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commercial preparations of hydrogen, oxygen, water-gas and pro¬ 
ducer gas; the contact and lead-chamber processes for sulphuric 
acid and the Haber process for ammonia; outline treatment of 
phosphorus and silicon and their compounds; ozone and hydrogen 
peroxide; the halogens other than chlorine; nitrous oxide; the elec¬ 
trolytic preparations of zinc and aluminium; hydrogen sulphide and 
its salts; solubility curves; a little theory connected with the laws of 
Gay-Lussac and Avogadro; atomic weights, valency, molecular 
weights. Thermal and ionic dissociation, and normal solutions are 
sometimes included, and equivalents are limited to the displacement 
of hydrogen and combination with oxygen. Mathematical problems 
and equations are co nfin ed to simple reactions. 

On the other hand, the syllabus is often enlarged by the inclusion 
of Chemistry connected with other branches of Science: for example, 
osmosis, diffusion; nature of soils, culture experiments and fer¬ 
tilizers ; biochemistry and the science of health, including vitamins, 
nutrition and preservation of food; carbohydrates, fats and ethyl 
alcohol. For most General Science courses Sections numbered 1-26 
in the syllabus on page 24 and Sections 35-39, 42-44, 49-56, 60 are 
essential. It must be emphasized again that the General Science 
Examinations may be taken as one or two subjects and that each 
Examining Body has its own special syllabus. 

It is a most valuable exercise for a young teacher to get copies of 
the regulations of the different examining bodies and to compare the 
syllabuses for both Chemistry and General Science. 

Features of the syllabus. — 1. In the first lesson, a summary of the 
history of Chemistry to the time of Robert Boyle brings the pupil 
up to the period of the study of the atmosphere and the beginnings 
of modern Chemistry. The pupil’s own experiments begin from this 
stage. The account of the early pioneers introduces the pupil to the 
human side of Chemistry and to its wealth of romance. 

2. The early lessons give plenty of opportunity for gradually 
acquiring familiarity with chemical apparatus and technique. 

3. Burning and the study of air introduce a group of connected 
lessons with an inspiring historical background, and thus lessons on 
breathing, oxygen (including high-altitude flying and frog-men), 
oxides, alkalis, acids and salts can be given systematically. 
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(B) For Advanced Students 

Teaching Chemistry to more-advanced students 

The preparation of lessons. young teacher should experience 

much less difficulty in recalling the facts, principles and standards of 
more advanced Chemistry. By the time the students reach this stage, 
they should have passed through a well-organized course in the 
laboratory, have developed sound habits of reading and be used to 
questioning unsupported statements rather than accepting them. In 
the advanced course, students continue this training, and should 
gradually acquire a more mature point of view. As the student is 
specializing in Chemistry, he will be expected to give much more 
time to his preparation and home studies, thereby amplifying the 
basic principles learnt in the laboratory. Several written exercises 
should be done each week, and wide reading should provide him 
with different aspects of the subjects vmder discussion. He should 
make many more summaries than in the earlier years. An increasing 
amount of time and a smaller size of class enable students to come 
into more direct personal contact with the teacher. More attention 
should be given to the rate at which individual students carry out 
experiments. 

It is suggested that each pupil should be supplied at an early stage 
with a copy of the syllabus of the examination for which he is being 
prepared, and also of the order of introducing each section during the 
year in which he is studying. Much waste of time is avoided if the 
advanced student clearly understands what topic is next to be intro¬ 
duced, and how far he is expected to study it both theoretically and 
practically. 

In classwork, lessons may occasionally approximate to lectures, 
but the teacher should distinguish between imparting facts and 
teaching general principles. 

Methods of studying, —The teacher should be aware of the different 
methods of giving a theoretical lesson and of their relative merits. It 
is, for example, a mistake to adopt the methods of a lecturer rather 
than a teacher, nor must the student be expected to take down end¬ 
less notes lesson-after-lesson and to re-copy these later. The teacher 
must, in particular, consider the functions of text-books, library 
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numerical problems. Unnecessary detail should be avoided. The 
subject-matter should be in correct perspective with the previous 
years’ work, and should be specially arranged to fit in with existing 
conditions. 

From time to time, new text-books and authoritative works of 
scientific importance should provide the teacher with more up-to- 
date details on manufacturing methods, the preparation of new 
compounds, recent applications of Chemistry and the latest ideas in 
theoretical Chemistry. 

It is a difficult matter to give advice on the organization of the 
subject-matter of an advanced course, since it may have to be 
arranged for differing types of pupil. The course may be of normal 
length, in preparation for an examination as a main or a subsidiary 
subject; or it may have to be more general, for the benefit of pupils 
who will leave school at the end of the first year. The teacher may 
not be able to use the arrangement he prefers, as the first- and 
second-year students have often to be taken together.^ In this case, 
students can be grouped without much trouble for practical work, 
but it is more difficult to arrange the theoretical work. 

One method frequently used in small schools is to divide a two- 
year course into approximately equal parts, so that first-year and 
second-year students study, for example. Inorganic and General 
Chemistry the first year, and Organic and Physical Chemistry the 
following year. Such a solution is by no means ideal, but with smaller 
numbers of advanced students there are few alternatives. Occasion¬ 
ally, when one group is carrying out practical work or answering 
written questions, special lessons may be given to the other group, or 
pupils may be given individual attention and help. 

Pupils who spend three or four years on the course provide further 
complications. These pupils, in particular, should supplement their 
text-book knowledge; e.g. by the occasional consultation of original 
papers, annual reports of chemical societies, monographs, and refer¬ 
ence books. By contact with the Chemistry of the research worker 
the students should be inspired to high ideals, and their own labora¬ 
tory work should, in consequence, be of the nature of true rese^ch. 
It is assumed that the teacher will arrange the teaching periods, 

^ Compare Jewell, Elementary Principles of Chemistry for Technical Colley 
students. 
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THE TEACHING OF CHEMISTRY 


units (except indium and gallium), while other metals have valencies 
which do not vary or which differ by two units; among the metals 
only the alkali metals, alkaline-earth metals, zinc, cadmium and 
aluminium have a fixed valency; the higher the valency-state of a 
metal the more readily are its salts hydrolysed; all deliquescent salts 
are soluble in alcohol (except potassium carbonate), all others (except 
mercuric chloride) are insoluble in alcohol; halides of the uni¬ 
valent metals (except the alkali metals) are sparingly soluble in water. 
Students must be trained to avoid making indefinite and incomplete 
statements in their answers. For example, when writing ‘sulphur is 
insoluble’—the solvent must be stated; ‘the solubility of sodium 
chloride is 36*0’—the temperature concerned must be given; ‘zinc 
and concentrated nitric acid give nitrogen peroxide’—^more details 
are required on the probable formation of other oxides of nitrogen, 
ammonia, zinc nitrate, etc. Many other reactions proceed under cer¬ 
tain conditions only, and unless they are specified, the statement is 
incorrect. Therefore, an advanced pupil should look for details of the 
physical state of the reactants, acidity, amounts, temperature, pres¬ 
sure, presence of air, catalyst, sunlight, the nature of main or side 
reactions, etc. 

If a student has a flair for a certain branch of Science, or is defin¬ 
itely preparing for a particular career, it may be advisable to allow 
him to spend extra time in these directions. A pupil may wish to use 
the microscope for certain tests, or may be interested in Biology or in 
special branches of analytical Chemistry. He or she may wish, having 
been promised a post as a pharmaceutical chemist, to do work on 
the Chemistry of medicinal materials. Little, if any, educational value 
is lost by a slight bias towards this kind of work. 

The basis of a course in Inorganic Chemistry. — Many advanced 
students find Inorganic Chemistry the most diflicult branch of 
Chemistry because of its large number of apparently unrelated 
facts. The periodic classification and the electrochemic^ series are 
acknowledged to be the best methods of classification for summariz¬ 
ing and systematizing these facts, but neither scheme can be fully 
appreciated by the student at this stage. Other methods are therefore 
used. The occurrence, methods of extraction, and uses of the common 
metals may be dealt with in broad outline under such headings as 
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iiMfwii»oiiBi|#«ftiftliMf^iiOTBl*TOiif»iiit^ 



ihcjirxt tern^'i^ t«d ty the first tgrftd ric enu ty ihejirst terrw^ ^is tsid of 



































OF ffHKMlKgCWTNO OF CHEmKIKIIING OF CHEMlMKillNG 









mmMmmmiMh^MmaMmmfmm^M0Mm/^mmmmhM§ 




I iifit*iiiiiti aiftittwsiiti 

pi^i»4ffw«iiii^»t»*#i»iittiii«w««i4itw 










lO^S LAW: ^^GADHOW LAW: ^VOGAOIlOW LAW: ^VoGAM 
Atm Q^liifa ■^^^^emtsfit^serf o^^aih x^^^eniBil^sttrf cSqlMi 
WratiotfWiatpTOftme tefnperatiAtfffliatpteiiiinc tcmpcratiMiilMiatilWiftiBe tciiil 
LAW: ^OYIWS LAW: OYlWS LAW: OYLEW 

stant idlHpcrature stant tel^fcralure stant tinlperamrc 


^ir 


fiW^IW i\W_WW PalA 

n ^ .^ ^. 

AY^LUSSACWiBpj GAY^LlJSSACJW lift#: GAWLUSSACW tl#; G 

li rmmu^ ^mm rnmmci 

;ore, lempeimtiim^tiil presmre. iwiriperatiire-iiiici piessiire. tcmperatiim^iiMd preAS 

Lawi ' ^ Laws ^ ^ Laws 

liMwa if mwi lawPw^Aifi^ iitt|j«i lawPiAMfr i 














OF CHlMllfcKWTNO OF CHlMMftEMING OF cHEM«*KHING 






nop^iii 





waMttn* pKrt*iog 

# ^»^|iciKiMi«|tiiiitf ^»^^<aKEMi«|tiiiM ^B^^ttwttioitiiii 




t^^mTTmytmr^rns^ t^Wrwii^yitttc^fci^ ea^twiTOy 
KHtftpiii# ti^aitfto® MBl^iiirite ^raiapiii^ ? 

^tWfs*pilii«eiJ»#hf«^tfrip!aplate!ia#b#^»tfip«^teAtum®-#« 

tiBaWp^jtt.pCilitotM^«oi^ptit»pohWriM^«o*aippf|iBp®BtttJ#‘« 


l^lt^^.ii‘ee^|I^^^^Jf^^;®eetetiiittfW^2l^Wi4sfceJ«tftai^W 

WBit^paiif^M^^^A^paifai%Mfcgin^A^pjir|fn%^^W 


HltehMwM, i^ ftwa WiiT 









iiBittitttrfflifcei*^ ttWMWtatf ilte|rfi^ «iliiMi«i 

iii fctkiiWhfcetl^* 









OF ffiHElMWlKHING OF ChEMBMMOIING OF ffiHRMIMKCHIMQ 



ppHif iff the mMvnAmltffupAit of the mMnBmlqpmBtt of the w^viAmlq 













/I 










































OF of mmmmmMmG of mMEmwtmmmG 


fciWiAbbinfflwMfiitliifcJtetittiPinriiMblahhifci^MitabfarinMbMibi 
fciiAte J^ui^iflnl; tri^WpAteh«Qiipia!® 

ll|Jilfei^^(^ptetftailiyt^te#^^«|^biliHttpti|ilbi^^€^pfailiBi^ 
bmiftllinWigilhs^^^rttiMitt^toiiiggilbi^^fctiMi-frplinitiggifc.^^^ 
.^^iJi||insitt« teio^^rfiLiflipiHSittre telngi^Mtof^bMAte- fctert 
ltee|^^iiiiJtoiMlpteitf^^|^^toi«oaiiittpW|HKi|^pfciaFsti#i?teiil 

ii#it%rtlte«aiiiKi ^idsii 

rtfimOtfcplM |^^ipibi|ptiB|tlii^iM p^ltiifei^ 


ii^BliisifWililfi^iiftliipBiiistorloitif^ilifttiBiiittisfcwlcytrt 
ipaW^lwiwiWpipteWipmfeiMwipHMtfpnc^MBiipi 
^mmrnmM iaMajitlr p|riiitoiiifiil ^mtmsmM MM^itlr p 







tc, storage, etc 

5NW^»tfe ■ 


storaae. ete. 


stqrage,_ cl 









tiWfi 


iwtyMK* iTfw* jffl 











a^tthootte^iffl^^ WtethaoMcpiiaA^ Mttetfett)lMcpi«rti^ M 

il»ipH^ptiifiiiiMaiWfpi«^#iifii%rtftitoifpfit^#i||^^fti 
^piipigdMMtWi* Appf 

i^»Afopf^iiii|ii»^^foptW»iltiitetertfiiW^ilii^ 

'kmimpnMncm§Mmsii3kmimpuMvcm§MmMtmmimpMvcsmRmrMti 



miwmm^ 



iiMf: 



i*fiia^iltffi»iii««f!i^^ 






ilk-c to study, liMc io Study, 

ttei* 

fiWWWiilWWWiiWr 

games, " games. 




like to stui 

M* 

games. 

mmmmf it J 

mmmmtmmaMm iiMim#i«ifill^ni I 

L IS your hobbyd^ Wnat is your bobbyk= WbuL is your bobby? 

WfiiiEfe 




a1 



OF mHMmmtmmmG of mHEmmKmwG of CHEF«WKiiiNG 



iii piii|ai|id pHfoipid fttngti^iMaiiR p^nipld ilustfWiKii 

lrf«!^itit^4^|^sp^^iJillyM|^fi|l««1^iiftlipl«p^ip 


p^^cst iiitf|aMi%ihp|i«piest mtiwMiiyAeihftpest intftpMifitf#! 



m. 


his attention. 


his attention. 


Ms attentjc 

|B |§ »jtl 





ss Of a lessoqhe progress of a lesouqhg progress of a ieSSi/qfig progn 
LjTf-fea F. o™»ja ajmxmvrnMn^an, n-, ouMraa 











'epared by thcdenpheiprepared by theyef|cherprcpared by thedeflpherp 
uAla^^^piit SdflteAiAla|Jpa^iii te|flteAiAia|ijW^tit ftr|Citei 
forehand on piitbjhfctWfbreband on ^iiliihtiitrfforehaild on pai ib jtibiitti 




ifep^aiip^WPiA^ 

rage pupiL of the averaae pupiL of the averape pupif of the avei 


lofsWfp: 



llitepiif^iwfi|#WitQ%iitoii«f^fiip|#lWpii#i|iif^iw 


it ^HwgirfWpPiSifi 

estiohs, answer questions, answer quesliohs, aiiswer qu 
f^i ^ 



Single file, ' r-r— single file, * single iile. 








OF oHEMimEMlNG OF CHENmMEMlNG OF CHEMimElIlMG 

prtP»p^Mpari^iM pnp*#f^illiri|pM 

ihrase. comtrion phrase, COTtimoo phrase- commoii r 

tsteteb^Kfiiif tbs»artmiil^teh^hirif tb^^attfcoteiit^^niy ttimsMMi 

iitliiiettitli* ^ttiirfiafiatl^ietWie ^^qrfiftfiiftligtelMft 



crested in thepiilWaKiTiierested m the|fcpc||kiiiterested in ttieKipW^ina 


fiefrihrre /esG M ddeniOnpJ rdsG G Cdei»Grrv dhjO G G 


Biiiitttafi iPistwrtwWcf^towi iiiiw^Md^fcTO 



:fili#ft«iwitf||GWiWlli«ffrWftitiiG«»Wftfifr«iftit^^ 

dippppil^^^ dippfpl^W^ dfif ip«f» 



fG iSBffi yt 

imtHlMwwWtiS lP‘*ftnii*«p*Iift W'WtrtWisPiawrill I 



:MA,ti#»,«p^ahe MmMMsiWKwmjhe MmjAMmmmwmjM: stm 











fMmkpmmAMiAmM^SBMfimmm^m^maMdmmipm^SmiAmaM 


washing sodat' salt and washing sodaf salt and washifig sodaf salt and 




Eghi is 112 ? atomic weight is 112 ? atoiiiic weiglit is 112 ? atomic sscj 


WWW AWa*rtpyj| 

c. Oicarbonate, mcmbonate, bicmbonat 







n of the gal, preparation ot the" gal, ptepaTatien of the gal, preparatio: 

Wifip-wwMWiii: WM 


Is, Por examillillsirations. For examiilliisirahons. For examiiiwwaiiiiE 
Stiff^^mles M iftffilii^ifpiliples If if 

ffteiw 



a^liigher 












OF ffiHEmlplCflTNO OF ffiHENttMKlllNO OF ttHEMI^MilNCj 


wBMe^fcoriBii^^fiw wiMto^fcinf*wW»fl» 
Ces do they iMftMgiitances do they Iwltmipltaiices do they WfNi||fttan 

Euent? this expcriijient? this experimeiit? this expeii 

^ifWitnMiimigltf; iJJofci^ii^IitHMifflii|ite dlrt^o^itilhi'wmght alAfc 
n experinieiii? expeiimeiitY expcriiiieiil 

oephnftfer aKSdtafi&Vt^impfar MS^M&MMpiiiipftir awffcittaf 
c##tp|^Jip#Jp*aat^#lp^dtiii®*aai«lp^:iilpiJptWlil 
itely rediiccdljc completely rcctiicecllfe completely redijcecllre coiiiplt 


nd why? reaction, anci why? reaction, and why? reaction, a 






educationists,) 


ed ucationisis,} 


ediicatitmd 




pmm^Mng 



examples y exaniples y 

wr^WftptiPMsHig 





iw*p% 

iPi 












ned a igjij- carbon is called a f^n, ™rbon is called a feadi oarbon is ca: 
te hyd^il|lflf%^4lijute hyd|ggl||gg%iffiftlilute Iiycipg}tli|i%rt*ilii 


liiMe are insoluMe igr’Wtllli are irisolublc igrib»|Ma are insci 

ecu. Bi^liliailgstje eiveii. lxi«l|teili:he giYen. lxMiiliiiiB;I» gi 

mimM Ilf etiiwbiiiimiiKide ^imii4MAmde Ilf ^mmim 
iJide anfpfi^tlfctfwiiilde anf|ip^iillli«lifiidc tm^ifip^mdltmt 
led carl|f|t| i|t|if»|te and carlilii iHpfiipft and carl^ Upfip* : 
of eitrqw|i.llie elides of iiitrci|p|i.Tlie oxidei of eitrc||p|i.Tlie oxides 
fpcs of splilhflie alotiopcs of splghillie alotropcs of s|i||fillie allolxo 

_ a ~k i 1 = a 1-^ = -= -=-fc 5 = O _ “ _ r _ ^ ^ =_ _ ^ 5 r . _ JL r_ ^ ^ =- -=r-r^ - - ;=--=-•= =_ Sl-ri: 


rtnjglit 


I xi_=_=gi_io xxxxgxa^ 




. fi'OJ piaiif ifcostaet at 0'03 pBijilf instant at 0=03 pgipif itansiani ai 


fiodiiliTi. sodium, sodiom 


« 


re Idlxample, see Figure ILIxaiupIe, see Figure lL|xample, see Figu 

























such as: such as: such as; 


BihgcmtettlpIlWibittteftiiM^MtiyrtwibeiaiBiiigcMitiiattlpiwibentti 
afwplpillrio Mftiifirtfliwilftitfrlfl «ftiHiiiiiifwilifc|lriii 

inaiiJ«iilitMffi»sirfimittM«Miflad«l»»MiaiBMfiiiAaiid«|»ta®rfinil 

UCs (ch quicMime. (c) quickliine. (cj quicklii 



i^fiiMigpwp 


ipnieJift^cil^^Pp; soiiioJAft^c||^^ 5 iife someiftftpif 


mgianU HI knglanli fJih#^p hi ihtqtoiilf in #■ 



«» luuil h, hHioiHiia iHracI Amounts used A. Amot 


,__ . _ tons 

Itaiimiq^l^ .. 

:: 

/esjuHS75QQQ 

lOTOCn^jlgjigSiq ^ 
muOu^^lpriate n 3, 

W fSflB^sijareptpa 

tnju/^vHti ,( 3 u 

,, ( 2 8 
suipnates, tar ini 

1 F-( 2 h 9 %) 


tonsu23=I 

„^ T _ .. ( 12=281 

MU P«;a«3^ 3 3 

2 X 10 „ q 3=4 



ifani 


P“(W|gWid 4 2 7 ‘ 
TOp™ ( 134 * 
22 “ W jWSParept 

ip, 3 3 . 4 . 

( 2 Kh 

sulpnates, tar ' 

e«= (21 ; 9 %y 


total 2455,000 tons ^ Ptal 2,2554)00 tons 


■fruauifaww tons423-l 
X124 
. X 54 
= 0 ( 75 , 000 ^,, 4 34 
iroc^igOgaq q 2,3 

“^rtpfipte(I 34 

. Wljifspareilpg 
SWWW :; 4 34 

, . ..4 ha 

ipoates, tar in 

PF=4214 
Total 2, 


yon 


iCUnlTOjQq 

Spcs, sulpliat 


Materials 


j= Haw naaterialv 


J, Haw /aaterials 


da Ha vj = 







OF ffiHENfflMKMlNG OF raEMu^KMING OF tnHHMfMgUmo 




HqiliM-pOmf SoluoUity HoillDg-Mml 

pf ^tyrptpd pt B P. of of ^0=j^t0d 

Sololiiliw sotomtef 

afOT C. ^liiBoo C. 

ch&WM - A#ft^oiiim chB^ffi 

iidBm^R ^ _ Mmi^n cMoridP^f^ _ 

□ri ^ ddiftljn cliIoo^P® . 

IrolMS . Cafi^ hydro^BS 

muWd^ . . sidplipap^ . 

irlMiat _ 

ltr^#p-C^ . . MS^mt iim .TiitFdtl^^ _ 

lyp^tm _ . pF# ii'^ |i n Ti-oiilpfa.lM _ 

ohJoriLW^W^ , 

. Sdffilln sylpMftSJfP ^ 


ppioFBiny ^OPiOa=ppB=| =^ol===biliiy 

oi B.P. of of sotiirolFd of B-P. of 

apOFT^igo Sdliiiiciipy ggEOrotod 

Foiotioii oPW^ €;_ aoAti^^ 

- AMMftjjiiiiitli chHWR , A#iWbiniiiliii 

= RfflyA-n cMoridBMW . - BiWCAri cFlO 

. CMimra chloriW#® , . cS MAm chi! 

- CaMftBn hydro*Mifc5 _ CaiMJn hyc 

- dWFWiiS Sillpha|^g * . jytlfcs siily 

- Pft tM tium.carftHMte . P^MSium-C; 

. IBiftMym-iiitriflPF . - fs||tiftjllfl3-n 

. priliffliiin-SiilpMlP. - pci|i®iiiii.si 

, St^%n cMoric^jW ^ _ SfJ|iifc clilc 

* Sdlfittll Sijlpha*fc*W - . SdlflilH SilJp 



fieures? the above figures'?' the above hgiircs? tJie above 
Mhofa sMmm^skimm^of a satiFttfiaiilbiiilftof a saturiiMiiAflli 

imamnmmi^n irngMim 


increases, increases, iiicreases. 


ieiMpeiatiiic,increasing terDpcraiuichiicreasinE temociaiiiiedfjcreasiiie 

[ij#gf WiiiB s^iapif^ jiiittiHB 


lions, lions, , tions. 


tions, _ hons, _ „ lions, 

*MiMa» # «^*a|«a» # a^r^lttWaif # !^rf 
jMeWWisWbififs W^PjMhtts wmm 


c. temncraiiirc, . temnerature, . temoeratin 









^aofiiiiiwtlWwlMisitpp«afii^»Mttwlttiilitppifflfiiiii»itttMl»i*ftt 

» 


ihcaftppMwitfiflp ^jilifittipp«i»i«p ^|jili«itippMa4#li^ i^: 



work. work. work. 



(MflfciiWtriMin. o.: VM»(tewaw» -rf •; 


o w;w 



vmmima0 






pi 

minutes 

mm^ 


SI 



f HimjkffySlWJitoM IfroSkkfflWtltoptrffiEit'yftWri^ 

is a compoundtpi ^ir is a compoundipJ is a compouncllpj jfJr 





OF CHEMlB^MING OF CHE^mBXEMING OF ChEmIBSKMINO 


at the jo? at the jet? at the jet? 

cKifiipeaiMmf c^ltfMfWM^esliipiDf cf^tiMftaiiitsttiDiDf 

! and water? and water? and water' 

„ , 4 I »-- = ®=i.» = = , '‘I ^ ^ I = = I . = = >,= 1 —t’" » 

«iiiblpiinbwiitfrMi|AiiiWpOTlwirtiali^«^lpMbwiiirfi|i 
connected, think it is connected, ttiink d is connected, t hin k it is ^ 


iillItfyfcfoxilion|nii|iIfci|ii!yiitjxi^iT|pT^^jgI^^|j^a|on|m«^ 
aiimi Alk^ potassittni AJJc#j Potassinm Alicqli potas 

chcwphorijsSlaJcfd phosphoriisSJalc^ JlW phcwphoiTiShJaJcfd gpf | 

tailoric acWasiii®fi^iiloric acOTa!i|ii«fifehlorlc acWa^i^pl 
>^en dioTcidirCjif, Ift^ljeii dioAidwejtdj ffi 6 %gcn dioxidOepds ■ffilA 

mmmhoaM(^0msMmpkmbon!iMet§am,^mmkmbQnM:Wm^m 

B phospliori»ispnd^ite phosphorwpispiid^lute pliosphorilJiSPfip^iti 
um tiydrojcMiltF^ Chlciiim hydroA:^Wtd, Calciuin hy^on^Uig^ Calci’ 
m process Aci#aiilrtWte process Aci#ai|gd^ process Aci#a#id| 
am caibonawt|»pn|j|jiciuiii carbondtB>fflpl!lilcium carboDaiWfpniMlci’ 
ChJciie Calcite Calcite 

n# Yalency of one Valency of one Valency of o 


apply: ____ apply: apply; 



acid, acid. 


acici. 











uboratory Stocking the iahoratory Stocking the laboratory Stocking the I 

^Mifwfiii%itos^^^^iif*fiiiiitfcii^^^^!iiwfiili%tto^^ 

pi»ilotit^asipitmfftfiBfaitolii^»ispiimiMfB«t^^ 


if^iiii»siiiiiw^lfiii»i»ifiii*«pi#»flfi»itfti!^iii 


Iply precisyififflpfcfiiiiiply pred»iHi«ftfciiliply mecAmnim^^mt 
agi^niiftlil^tWliiJiMi»awi|^tetWlfi}iMW 


iiiP 

(iiiif«iMftil^filiwilfftW 

iliwii IMwrtwWiiwii lip«^ 









OF CHEWimEMlNG OF CHEMll»EMlNa OF cHKMillKlllNG 




^piBpiffihijafiflii^ s:^ll»wlibfcaMffl^8 » 

pjr*asrfi%:^^lili% 3 |pwcJhiOiiicin:^^ildi^]pMdha|irfdp:^^jMr^l 


ai^fcfw 

»lidetMdiMiMjliMnl«lii^cieteodiiiittjli^mhMirtcl#aocliiiiKjBimnWil 

uttipiip^iBttiqiWMiisttiWpiii^iftIi^ifci®l«itttaip^iftttiqiW®M 

i, be required, be required, be requbet 


iqdttM^t rtWoteffcqiratewt rtp^otei&qdams^ m^oWiM 
the fbUowingifiiiiilsori the fbllewin^tlttMsqri the followin^teilsbq 




a jitpciftfiiiM»^tiipilijitia jiipH»tiwH^*igt#i!«iia japciiipitwa^iirtt* A 


^most appr*#!iitett^Kino5t appr^iifllH:t^»rnost appippisitetib 
Eftpl^ teach^^iflj^teitte teach^Mifl^misttp teach^eiidllf 


hasi^ra^d- nBft-.akiflaatiomi^^jWb m*e 6 iaa^ 4 ;hms«»iiw#” rteaUfllaaBarfli 







jKHiMxiiaxbA mwmm 


ipflrtA 4 rtAcirtWap 

ti«ioi£MHi»ta8trl^ti^5^a«i»itt0rtjetrl^tii^^iMiniJa0»taotrl|fitti||}i 

|tlitettesktgp^kHfai|iii|ilifett*sti|5ppAklcai|tti|tlibMasfci9f)pfrilci!r|ili 


Mtfcmisrt iirf-»fir^KirtiMajf»n torfBoiiyaiifciMjifamfeii 

ilable gas-sutWp-iiCtflyailable gas-sulipipiietayailable gas-suf^btietaya 

lw<ihtfo 6 ft«at#«lioiiiliiitiii®i©fffiaali^^ 

iliii^l«ilifcf«fiii|iW^filfplibfti«iii»»fMeiiMWii#irf^^ 
idttil metliodmitittiAipftittil metoodioi!fOJadi:dmida.l mcthodiuitKiariispi 



©ifcM«KinMl#iiflil«&%atf«^ 

§mmmiw^Mm w Witiijiicwiifffc ii 

rnmmjmmWtmlkUf^mmpmmfB^^m^mmjmmtmmmwm 






OF CHEftfflHMHlNG OF ®HEFfflB#EHlNQ OF CHEMIBBraiFiG 


;h det ail s as: jontain such details as: lOntaiii sucli details as: ;ontain sat 


»liii 




pitots, soltiMi«iltfl«#^Mis, soluMdBftltifp^tats, soluiaitMilfie 


iolution. iolation= lolation, 

Bg ^aeiBifaiJi^.^^ 

is itOppers, ftififitt^ap ftappers, itfefji^qplg} ffpppers, titttlli««:|ili 


th. inforiiiaticiiijiiiam sach iofbrmaticaftftMia sacd intoTTnapcjjtiiiiain sat 
iSfia^ifiifiitlcj^t^^fflrtaMfpffidpftii^itirta^lpieicipfed^rtti 



iUid gmvimoipsifttWaHiano jFaGmwniiiitwtaiiiiPci gravimwOMiitlltiTl 



ge^sfhe coni^lljlTOTfFlgCiisthe coiTHWatMifFliG^the conipfiftRirfFd 


a of chemical he storage of chemicalg he storage of chemicaih he storae 









adhesion. adhesion. adhesion. 


fi|ta|iiis#if«ii|ta|iilie%*f|«iiSlt < 
tadnangilabitta^^ tettflffdftlei*bpfi|^ 



ogether. be stored together." be storecl together. be stored t 



liWf«l«iP«#feitti«Sfi«w*WiifcilWwai* 



soliitions). 

10^00== =a= i., njalliit&_jrtl 


ttal^aoyjv 


III! n 








OF CHlKWliKMINQ OF CHEFOTimEMlNG OF cHlftBl*ElfTNO ^ 

*^fe^l|laf#iftrflpf|!iip:^gil|laEittMpfltii^;^lii|i|itp 4 iW^ 

-kes or sticksjowdeo flakes or stickseowdco flakes or sticksjowder, fla 


im^pBspdepiM€ttiiipdiroi^pwfWtCF«wfc?iaiB^p^^teE®mii»e 

w|rfeBertak^biw^^k®deBe«afciipbMi^miib arietfcsAaka|ib« 

fy when reqanpOiiir«ofy whcii reqnii|iAiBk osty when requiipAiikcm’ 

|Wno®oBsiAfanitt^^i|»«rinc«wiAttiA^ta|Warini»tciittiii»y^w 


decompose^ decompose. decompose 

nilplfcic^l c^t^jataiiiiiipltti^^l yjwytfaliifflp^dc 


pt ill waxed papfrbe kept in waxed papyitje kept in waxed papf rbc I 
phiiMW«^h»«ijp<1teplB3afagifehH^tet#itofbiffl«ia^ttwWiififltlta 
picric acid. picric acid. Picric aci 


tsi 



cyanide, sium terTicyanide. sium terricyanide, sium term 


tm^ 0 wr r fcpiiW 

e following; case of the fbllouing: case of the following: case of th 

3 sSalftMaaKi I isa wHtoide**Hl»h^ta#ai ITO wbtefidai^ AulBhifl6*X IITO OrJatoiiij 












BMATORMn 


B^Diirfi*iia«l attiwM^jjisrtpiiiil«d £uiiMwiufcbiiil|ipi»ii»l aillpi 
inc chloride tadi^iqfBinc chloride im iniitt ejtEinc chloride iBdn«i|e|ti 



illitteitt ;i««MlitipiiiAi^ iiJwi^ilipfsApirt :i« 

: and key/ under lock and key/ under lock and key/ under lock 




ftisrta*ca«l''wti^iif<ft*cl}#rtWiiWlMgi«Wc«flsl^iii«Pfi 



sftWfi 
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THE TEACHING OF CHEMISTRY 


The approximate amounts of chemicals theoretically required to yield 
3 litres of a gas at S.T.P. — The pupils must realize that the quanti¬ 
ties given above are calculated from the equations. The figures are 
provided in order to give some idea of the amounts theoretically 
required, but in practice larger quantities must always be used. The 
reasons for increasing the amounts are many: 

There are always losses owing to the need for displacing air from 
the apparatus, and to loss of the gas. Other factors which may make 
for decreased yields will occur to the teacher. For example, when 
solids are heated in glass vessels it is usually impossible to complete 
the reaction and obtain quantitative results. Similarly, mixtures of 
liquids and solids cannot be heated enough to leave the dry mass 
necessary for maximum yields. 

In the preparation of hydrogen it is obvious that, as the action 
proceeds, the amount of acid, and therefore the rate of the reaction, 
decreases to such an extent that the gas is finally evolved far too 
slowly for practical purposes. 

Again, the reaction between concentrated hydrochloric acid and 
manganese dioxide proceeds slowly after the initial action, and 
chlorine continues to be evolved for nearly an hour after the beginning 
of the experiment. In order to speed up the formation of a gas in such 
a reaction, it is essential to add a larger quantity of one of the reagents. 

In preparing sulphur dioxide, other substances, notably the sul¬ 
phides of copper, form besides those represented in the usual equa¬ 
tion. In preparing nitrous oxide, in order that an explosion may be 
avoided, all the ammonium nitrate must not be decomposed. Twice 
as much of the substance as is theoretically required is therefore used. 

It is thus seen that molecular proportions of the chemicals are 
rarely used in the preparation of the commoner gases, and that it is 
advisable to add an excess of one reactant. In practice it is usual 
to place rather more than the calculated amount of the solids in the 
apparatus, and also, where necessary, excess liquid is added as 
required. 

It is necessary for the teacher to keep a record of the quantities of 
the reactants which experience shows are most suitable for good results. 


Amounts of substances required for other experiments. —addition 
to the preparation of gases discussed above, other experiments are 
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THE TEACHING OF CHEMISTRY 


General rules for preparing substances .—Pupils should not be ex¬ 
pected to leam die exact weights of chemicals required for the 
preparation of most substances. When such details are asked for, 
the pupils should either use reference books or be able to calculate 
the weights and volumes required. 

Alternatively, the approximate amounts might be remembered in 
a generalized form. This method is often used in text-books. Suitable 
types of apparatus and amounts of substances which illustrate this 
rough classification might be pointed out to pupils as follows: 

(a) Kipp apparatus or woulfe bottle- These should not be 
heated. (A filtering flask is stronger, has a wider neck and is therefore 
often preferred to a woulfe bottle, and sometimes to a distilling 
flask. It is doubtful if a woulfe bottle is ever necessary nowadays 
since it can always be replaced by a wide-necked flask.) Pour suitable 
acid as required on to excess solid to prepare hydrogen, carbon 
dioxide and hydrogen sulphide. 

{b) Round-bottomed flask (but a flat-bottomed flask may be used 
when heating is not required) and thistle funnel fitting. Preparation 
of gases mentioned in (a), sulphur dioxide, carbon monoxide, 
chlorine, hydrogen chloride, nitric oxide, nitrogen peroxide. 

(c) Equal weights of each substance: ammonia, nitric acid and 
nitrogen. 

(J) Small proportion of one substance required: oxygen (four 
parts potassium chlorate to one part of manganese dioxide). 

(e) End-points: shown by neutral points (acid and alkali); no 
further precipitation (with silver nitrate, barium chloride); colour 
change (potassium permanganate and potassium bichromate); 
gravimetric work (until constant weight); and no effervescence with 
carbonates. 

Emphasis on the amounts used in these and similar preparations 
and reactions is much better for teaching purposes than relying on 
memory work or a practical laboratory manual. 

Dangerous gases. — Atmospheric pollution should be avoided in the 
laboratory as well as outside. Unpleasant-smelling or poisonous 
gases should not escape into the laboratory.^ They should either be 

‘ The Science Masters' Book,Senes\hV^n, 134-135: Distributionanduseof 
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Many of these chemicals are not ‘schedxiled’ as poisonous, but 
they should nevertheless be kept in locked cupboards. 

Various devices might be used to prevent accidents with bottles of 
poisons. Red poison labels should be stuck on, the label should be 
read before and after removing the cork, or a small bell might be 
placed round the neck of the bottle, or a pin stuck in the cork. 

C. Causing burns on skin .—Concentrated acids and alkalis, sodium, 
potassium, phosphorus, phenol, formic acid, hydrofluoric acid, 
bromine, chromic acid, glacial acetic acid, and phenylhydrazine. 

Dangerous reactions .—Experienced teachers realize that pupils some¬ 
times obtain dangerous chemicals from external sources, and warn 
them against the use of such substances as the following: phos¬ 
phorus, oxalic acid, potassium cyanide, mineral acids, and the 
alkalis. 

Pupils occasionally attempt to prepare picric acid, nitrogen iodide, 
nitroglycerine and mercury fulminate without special precautions, or 
try the action of poisons on live animals. Every precaution should be 
taken to prevent pupils from securing samples of the dangerous 
chemicals mentioned, and from repeating dangerous experiments at 
home. 

For the convenience of young teachers the following list may be 
useful. 

1. Rubbing or warming an oxidizing agent (such as potassium 
chlorate or potassium permanganate) with carbon, sulphur, phos¬ 
phorus, powdered metals such as magnesium or aluminium, organic 
substances, or concentrated sulphuric acid^^ 

It is advisable to carry out the preparation of oxygen in a test- 
tube, with small amounts of potassium chlorate and manganese 
dioxide, before the large-scale demonstration is done, in case the 
manganese dioxide contains any carbon or organic substances. 

2. The pouring of water into concentrated sulphuric acid, or pour¬ 
ing the hot concentrated acid into a wet sink, causes many serious 
accidents in the laboratory. 

5. Xhe warming of strong solutions of the alkalis with alumimum 
powder, as well as other reactions, may become uncontrollable and 
spurt out alkalis or concentrated acids on person or bench. 

> S.S.R. 125. 138: Action of magnesium powder, silver nitrate and water. 
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CHAPTER VI 


The Relative Merits of 
Individual and Demonstration Methods 

Both demonstrations by the teacher and individual laboratory work 
by the pupil are essential in teaching Chemistry. The problem is to 
determine the proportion of each to be included in the course. Little 
accessible research work has been done in this field to guide us, but 
the Americans have begun some useful work in this direction. Guid¬ 
ing principles must be based on standardized tests. In these tests 
adjustments must be made for such variable factors as the type of 
pupil and teacher, the conditions of the laboratory, and the subject- 
matter of the lesson. 

Individual experiments—examples in detail 

From 1889 onwards Professor H. E. Armstrong advocated the 
heuristic method (see page 124) as a special individual approach, and 
its adoption brought a definite improvement in the methods of teach¬ 
ing Science in schools. Armstrong’s method trains the pupil in initia¬ 
tive and develops self-reliance, good judgement and manipulative 
skill, by personal contact with apparatus and material. 

Such individual work is particularly valuable where the pupil is set 
to solve practical problems which have been arranged round a cen¬ 
tral project. This is very often the case with Chemistry, which offers 
special and excellent opportunities for this type of work. In such 
problems, the pupil’s power of observation is developed, he learns 
to handle materials correctly, he alters the conditions of his experi¬ 
ment and notes any change, he applies the knowledge he has already 
accjuired, and he reasons from the new facts. It is impossible for the 
pupil to gain the full benefits from a series of practi^ experiments 
unless he is personally interested, and unless he himself sees the 

changes occurring. . 

The following examples give suitable practice in this type of mdi- 
vidual work. Each series is merely outlined, and the actual instruc¬ 
tions given to the pupil are not reproduced. Each pupU carries out as 
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obtained. Thus, the percentage of carbon dioxide in calcium carbon¬ 
ate, problems in volumetric analysis, the volume of oxygen given off 
from a known weight of potassium chlorate, and the determination 
of equivalent weights, may all be determined much more accurately 
when the average result of a class is taken. When all the figures are 
put on the board, the class can decide if an individual result is unreli¬ 
able. A discussion of the comparative accuracy of the average will 
emphasize the advantage of using the results of a number of indi¬ 
vidual experiments instead of one determination. The average of a 
class indicates constant errors inherent in the method. 

The outstanding value of obtaining results which depend on the 
united efforts of the whole class is shown in an experiment such as 
plotting a solubility curve. Each pupil carries out his experiment at a 
certain fixed temperature, and the final curve summarizes and checks 
all the individual results. No satisfactory substitute for such work 
could be provided by a demonstration. 

The heuristic method in its elementary stages 

History. —As early as 1790, Priestley suggested that Chemistry 
should be introduced as an educational subject, and that teaching 
methods should be based on investigation, so that the learners them¬ 
selves discovered the facts. Pestalozzi, Locke and Rousseau were 
other pioneers who advocated similar teaching methods. Pestalozzi 
held that the individuality of the child must be sacred to the teacher, 
and that investigation is the best method of learning facts. He thus 
anticipated the principle to be discussed in this chapter, as he be¬ 
lieved that children should be put on the road which the discoverer 
of the subject himself took. Rousseau’s method also foreshadowed 
the heuristic method. He urged that the child should not leani 
Science by memorizing lists of facts, but that he should be led to dis¬ 
cover principles on his own initiative. H. E. Armstrong, about 1889, 
was the first to introduce the heuristic theory into the teaching of 
Chemistry and Physics, and Great Britain seems to have been the 
only country in which this development took place. 

Benefits of the heuristic method. — Armstrong considered that 
Chemistry lessons should be made up of definite tasks. These 
should be in the form of problems which each pupil works out 
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Before the introduction of the heuristic method, most Science 
teachers thought it better to avoid, rather than to overcome, practical 
diJQEiculties. If they allowed experimental work at all, the pupils 
merely repeated demonstrations or carried out routine tests, and 
little attempt was made to develop in them an imderstanding of 
scientific methods and ideals. The procedure of the heuristic meAod 
differed in every respect. It was fortunate that the new method was 
introduced, since its activity was much preferable to the didactic 
statements and passive observations of the lecture-room. It should 
not, however, be assumed that it was accepted in its entirety by all 
schools where Science was taught, but the methods of most teachers 
were definitely influenced by the principles of the heuristic method. 
In elementary schools and adult classes, however, some real harm 
was done by the introduction of this method. It was impossible to 
provide the necessary laboratories and the large quantities of appar¬ 
atus and chemicals required for the new individual methods: conse¬ 
quently Science was discontinued in many of these institutions, and 
the existing equipment gradually deteriorated. 

Criticisms of the heuristic method .—The heuristic method is criti¬ 
cized from several points of view: many inspiring, historical experi¬ 
ments which emphasize the romance of Science are put into the 
background. Special types of apparatus which can only be used in 
demonstrations are neglected, and certain experiments, requiring the 
skilled technique of a teacher, have either to be omitted or are 
unsuccessfully performed by the pupils. 

The heuristic method lacks vitality, since it concentrates on the 
arrangement of facts and a systematic training in experimental 
methods. These alone are unsatisfactory. The enthusiasm and per¬ 
sonality of the teacher who arranges the lessons to suit his own ideas 
have much more appeal and are more likely to develop a love of 
Science in the pupils. Whilst the heuristic method encourages per¬ 
severance, it is tedious for a yoimg pupil to continue a prolonged 
search on one subject only. The problem experiment which is lively, 
and has repeated surprises, is of more benefit from an educational 
point of view. 

The method cannot be applied to the discovery of fundamental 
chemical laws. These can only be verified or illustrated. Furthermore, 
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FIGURE 23.—^Tbe reduction of oxides by hydrogen or coal-gas: 

(a), (6), (c), and id) Various types of apparatus for quantitative experiments 
(e) A simple apparatus for the quahtative experiment 

In the case of (a), (c). and {d) the whole apparatus is.^igbed 
reduction. In (6) only the boat and its contents are weighed. In all cases heat is 

necessary. 


acids; the equivalent weight of an organic acid; the percentage of 
ammonia in ammonium chloride; the number of molecules of water 
of crystallization in washing soda; the purity of chalk or limestone; 
equivalent weights of insoluble oxides and carbonates, and o 
magnesium; a mixture of sodium carbonate and potassium carbon¬ 
ate; hardness of water; purity of borax. 

(b) Potassium permanganate —the equivalent weight of oxahc acid, 
the purity of ferrous sulphate; the concentration of hydrogen per¬ 
oxide; the percentage of iron in a ferric salt; the purity of manganic 
dioxide; estimations of nitrite, chlorate and calcium in compounds. 
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Other is connected to a large funnel placed mouth downwards in a 
large beaker of water saturated with carbon dioxide. The water is 
drawn up to a mark in the glass tubing. The large funnel (retort or 
wide U-tube) is necessary because of the expansion of the o^gen 
when the charcoal is being heated. The water is saturated with carbon 
dioxide by dissolving a little sodium carbonate in water and neutra¬ 
lizing this with dilute acid. 

Further training regarding chemical reactions from a quantitative 
aspect is given by suitable teaching methods. Pupils should be taught 
to estimate the volumes of test-tubes and other vessels, so that the 
laboratory instructions may readily incorporate the approximate 
weights and volumes of the reactants required; and they should 
secure also a clear conception of the need for using exact quantities 
in reactions, if the amounts are stated. Thus, ‘15 c.c.’ is much pre¬ 
ferable to ‘two-thirds the length of a 5-in. test-tube’—even if the two 
are exactly equivalent. 

Lastly, tr ainin g in small-scale methods should be given. These 
methods (see p. 159) depend on the fact that substances react equally 
as well in fractions of a cubic centimetre or gram as in litres or kilo¬ 
grams. Thus they help to stress the need for economy, and to 
emphasize the definiteness of a reaction and the constancy of the 
proportions of reacting substances. 


The magnitude of errors. —The subject of the size of errors is one that 
the Chemistry teacher should introduce whenever possible. The treat¬ 
ment of any problem should, however, be within the understanding 
of the particular class and should only be introduced after the 
practical work has been done individually by the pupils. The mathe¬ 
matical aspect can be discussed after the object of the problem has 
been clearly grasped, but this must be well within the unders^ding 
of each pupil. The question of the relative effect of errors is often 
omitted from school mathematics lessor. It is so important, how¬ 
ever, that, whenever a series of results is handed in by the pup s, 
the teacher should make some reference emphasizing the aspect of 

relative errors, ^ 

Primarily, it must be realized that the results of a quanUtaUve 

experiment vary. There is no absolute standard of accuracy, but the 
more expert the manipulator, the greater is the tendency for the 
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to one-third of a second, and this error is almost constant.) In such 
cases, experts might obtain exactly reproducible results by maH ng 
always the same error in one direction rather than another. Such 
constant errors cannot be detected or eliminated by repetitions of 
the same method, but alternative methods, different observers, or 
other instruments and materials might reveal them. 


Variable errors. — Variable errors are often due to carelessness in 
mechanical operations such as: weighing and the reading of graduated 
scales^ loss of substance during its transfer from one vessel to 
another; parallax errors in the reading of graduated vessels; mis¬ 
takes in recording or calculating results. It is one of the airng of 
Science to prevent occurrences of this kind. The checking of one 
pupil’s results by another pupD and the repetition of experiments by 
different methods, if time permits, are occasionally resorted to. In 
practice, many pupils are given insufficient time in the early years 
to become thoroughly proficient, except in very simple quantitative 
experiments. In later years the personal error may become 
comparatively small. 

The magnitude of personal errors, due to limitations of the 
observer’s senses and apparatus, varies with the physical and mental 
conditions of different recorders and wth the complexity of the 
experiment. Even the same experimenter w'orks with greater care and 
accuracy at some times than at others. These personal errors can be 
minimized by much practice, by the intelligent handling of apparatus, 
and by creating special conditions before the errors become constant. 
It is doubtful if the average pupil can attain such an ideal, but his 
training should be towards that end. 

Other variable errors may be due to the difficulty of the experi¬ 
ment, or to faulty apparatus. Such instances can be most interesting 
and instructive when tackled by the advanced students; but the ideal 
experiment for most juniors is a straightforward reaction requiring a 
simple technique. Even in simple experiments, errors are incurred by 
careless handling of materials. Some errors are difficult to avoid, 
especially in taking indirect measurements, where several observa¬ 
tions introduce their own particular error. Examples are foimd in: 
the determination of the solubility of a solid at different tempera¬ 
tures, the rate of a reaction, or any experiment in which portions of 
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should be put on the blackboard. For instance, one set of results for 
the percentage of carbon dioxide in a sample of calcite was: 


43-8 

43-2 

44-2 

(391) 

42-9 

440 

43-3 

42-9 

43-7 

43-6 

44-3 

43-8 

44-6 

(411) 

43-5 


431 

Mean result = 43-6 per cent. 

Pupils can usually see which results are most likely to be incorrect. 
The figures in brackets, for example, were considered to be valueless, 
as they were widely divergent from the other values. The mean result 
was compared with the theoretical result obtained by calculation 
from the atomic weights. The apparatus used was a small test-tube, 
containing the concentrated hydrochloric acid, and a boiling-tube 
fitted with a cork and drying-tube, containing 1 g. of the calcite. 
Suggestions as to likely sources of error were made by pupils. These 
included the possibihty of carbon dioxide remaining in the boiling- 
tube or dissolving in the acid; inaccuracy in the several weighings; 
the existence of impurities in the calcite; and loss of liquid. Finally, 
methods were suggested for remedying such faults. 

The correction of errors is of great educational importance, for it 
develops in the pupil a sense of proportion and relative value seldom 
contributed by other subjects in the school curriculum. In an experi¬ 
ment, only original and thoughtful pupils are on the look-out for, 
and are prepared to consider, the relative importance of likely errors. 
It is important, however, that all pupUs should be given oppor¬ 
tunities to receive some training in appreciating the reasons for the 
differences between the results obtained in the laboratory and the 
theoretical values. 

Calculating the value of errors. — In practical work the importance of 
accurate weighing must be emphasized, and it must be shown by 
calculation that small mistakes which occur in the course of an 
experiment may have a serious effect on the final result. This is 
especially true when small amounts of materials are used, or when 
the change in weight is comparatively small. 

Thus the results given for the experiment on the percentage of 
carbon dioxide in calcium carbonate are limit^ by the accuracy of 
the balance. A school balance rarely records differences of less than 
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solutions in a badly calibrated pipette or burette. The student should 
be clear about the nature of the errors at each stage, so tha t all 
measurements are of the same degree of accuracy. In other words, 
excessive accuracy at one stage of a series of operations is useless if 
the other stages are less accurate. Calculated results should never be 
expressed to a degree of precision beyond that of the figures on which 
they are based. (A teacher should take every opportunity of emphasiz¬ 
ing the fact that ‘the number of significant figures’ is of primary 
importance in all calculations.) As an example, in weighing 5 g. of a 
solid to the nearest 0-005 g. the possible error is 0-0025 g. 

. 0-0025 X 100 ^ 

percentage error is---= 0-05 


With a more delicate balance the error can, of course, be reduced. 

If 5 g. are dissolved and made up to 100 c.c. with water, and if a 
burette is used which reads to the nearest 0-025 c.c., it might be 
imagined that the error would be half this value. Actually a burette 
delivers about twenty drops per cubic centimetre, and thus the 
greatest accuracy is within half a drop, or 0-025 c.c. 

If 20 c.c. of this solution is used the percentage error might be 


0-025 X 100 
20 


0-125 


With 5 c.c. of this solution the percentage error is increased to 
0-5 per cent. 

The figures given are sufficiently accurate to show that weighing 
is usually more precise than volumetric measurement, especially 
when small volumes are used in titrations, and that small volumes 
incur a large percentage error. 

Another common tendency which must be discouraged is to 
express the average of a number of measurements beyond the degree 
of accuracy they justify. Thus if 0-300 g. of potassium chlorate losw 
0-115 g. of oxygen, it is wrong for the pupil to express the loss in 
weight on 1 g. as 0-3833 g. He should be told that the accuracy of his 
calculation depends on the accuracy of the weighing. As previously 
mentioned, this is usually to the nearest 0-005 g. with an average 
school balance. The 0-115 g. represents a value between 0-11 and 
0-12 g. Thus the loss on 1 g. should be expressed as 0-383 g., and 
the last figure even of this is not very reliable. 
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FIGURE 24.—Inorganic Charts 

(а) Position of Hydrogen in the Periodic Classification 

(б) Methods of obtaining Sodium Compounds from NaCl 

(c) Relationship between Chile Saltpetre and Nitrogen Compounds 

(d) Copper and its Compounds 

(a) Position of Hydrogen in the Periodic Classification 


Alkali metals Hydrogen Halogens 


Physical pro- i Solids, chiefly 
parties monatomic, 

metals 

Ionisation Strongly electro¬ 
positive 


Compounds Electrovalent 


Gas, diatomic Gas and vapours 

non-metal are diatomic, 

non-metals 


i Gives positive ion in Electro-negative 
hydrochloric acid 
solution and nega¬ 
tive in fused lithium 
hydride 

Mainly covalent but Electrovalent or 
also electrovalent covalent 


Combination 

with 

elements 


Combine readily 
with non-metils, 
form alloys with 
metals 


Combines readily 
with non-metals and 
yields hydrides with 
certain metals 


Combine readily 
with non-met^ 
and metals. Form 
salts 


Combination Form carbides Forms covalent 
with hydrocarbons 

carbon 


Form covalent 
halides, e.g. CCI 4 


Oxides Electrovalent Covalent 


Unstable covalent 


Hydrogen has unusual properties since it is the element with the 
smallest density and its atom is made up of one electron and one 
proton. The hydrogen atom may lose an electron, thus resembling 
the alkali metals; or gain an electron to form the stable configurations 
of the inert gases, thus resembling the halogens. As the above chart 
shows, hydrogen resembles both the al k ali metals and the halogens. 
In other respects it is unique. It is the only element with an incomplete 
K shell and its properties merit a position of its own rather than a 
position in Group I or Vn. 
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reaction is clearly defined, and complex colour-changes or crystal 
formation can easily be viewed, especially with a lens or microscope. 
Crystallization of salts such as potassium nitrate, lead nitrate and 
ammonium chloride can be carried out by the usual neutralization 
experiments followed by concentration, or by adding reagents which 
supply a common ion. 

Rnally, a reaction may be quickly completed, because a large 
amount of one reagent can conveniently be added to the test solution. 
Thus, on dissolving copper in concentrated nitric acid and subse¬ 
quently adding excess of ammonium hydroxide it is more effective 
to car4 out the test on a sUde, or on a piece of blotting-paper, titan 
with several cubic centimetres in a test-tube. The excess aad is 
quickly neutralized in the smaU-scale (or semi-xmcro-) method, and 
the merest trace of copper gives a blue coloration. 

Apparatus and methods 

The foUowing deseripUons give a useful indication of the appheation 

of small-scale methods with pupils aged 15 to 18 n ot ^ 

It may be mentioned that 1-c.c. pipettes graduated in 0^0^^ 
10-c c pWes graduated in 01 c.c. and 10-c.c. burettes m 0 02 c.c. 

™ oTaTudve reactions are usuaUy carried out with .hops of Uquitb 
an? solutions, small q^ntMes 

using special “r the ^lall amount of substance that can be 

results and is typical of th ^rried out on watch-glasses, 

seen reacting. Reactions am u^ly eSeaply, 

glass sUdes, or coloured tiles. Scrap glass may ^ ^ 

and ”^“seen iistinctly, a suitable back- 

TounthP ro W the use of a coloured tile, or by placing a piece 





|€#|«p«teri¥iio#^c#pit^:te^*o^fag^:|gn»-BiiAff»o^^ 

i|iiiiipMwi|iflbfct%ic^«|iw^tajprtfctiipc^*|iK^liwipbiiigic:^ 

piiiiil#rttrf»titiiiMp«ipilWf»rtAtitiiMp«i|ittiiifwrtfrfQlifiiirfpffq 

E«liipiigl«iIfci^Miiiialiliilitaaiiptf»iPtiifflfttlpf®taillhsrtttiliii 

idiMitiipiiiii^»jifcali4ilPltl^ittfii^Mliibati4iiMte^iilftl*pib« 

tefPii^MtfS*^lpitefP^awiiiiWfWp^i»iiti»iitiStffc^!ia 

ip|^illfta|p^ltif*ipi^il|^a|fii^ibeiiM^WllpaWfct»e| 

^iii% #iHifi»pif«^iiP^ 
























































































iim 


fj with gases Experiments with gases Hxperiments with gases iSxperimem 



ij^ ^asiiiincrtlritii«|4ti frtassiiincfflilrifa^ifli Irtassiimechlrifaii 



stiolVHfeMsaie^^ ^ s((|olved|te5stei(ii gjs siiolvedghsstestt* 





























































































below= below, below. 


pMes Collecting gases Collecting gases Coltecting j 

ufa^^rtli^iiiiji^top«^pii^iaiB^^*^^Fai^iiiil^p 
rtilwtii«lwiii|iittp^ttp®irtiioipiiipjittie^fcf«fflae*ital|4ii|i|itoji^Bj 
add ipi. add gai, add gas. 

Adea|#i^tos ^dawfemde^^iJiftHs 


of air.| frcmi that of ak.) ffcim thsit of aif,) fftina that 


^p^MdiptBO^tl^^^WWliilftli^il^^^^iililpHt^Wl^ 

water, soliiMe in watfift soluble in waten soluMe in - 




























































166 


THE TEACHING OF CHEMISTRY 


and beehive shelves are replaced by beakers, or sinks with speoally 
designed shelves; gas-jars by test-tubes; test-tubes by ignition-tubes. 
The small-scale apparatus may often be held in both hands by the 
experimenter until the reaction is completed. Otherwise it may be 
held in position by a test-tube holder or by a small retort-stand. 
Special apparatus may be designed and made by ingenious pupils in 
the workshop or elsewhere. Efficient substitutes for bosses and 
clamps are fashioned from clips, screws and spring clothes-pegs. A 
combined test-tube rack and stand is shown in Figure 29. The 
wooden rack holds four small test-tubes, and one end is extended 
and mounted with a bent strip of copper to support a test-tube. The 
delivery tube passes into another test-tube, or merely impinges on a 
glass slide be^ng the reagents. 

Deflagrating spoons are constructed by coiling wire into the form 
of an inverted hollow cone and soldering the straight piece into a 
metal disc. A deflagrating spoon for sodium is made with the help of 
a lathe. Holes are bored in a small hollow cylinder and this is sealed 
by a screw joined to a piece of wire which is bent at right angles. 

A revision chart for the preparation and properties of the commoner 
gases 

The chart. Figure 30, might be drawn up by each pupil as a con¬ 
cluding revision and summary in the final year. It might be set for 


For¬ 

mula 

Preparation 
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heat 
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red NO,.) 
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dilute 

(W.m 
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(6)JI 

Slight exploaon when 
first lit; pure gas 
bums giving water 
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CO, 

beat 

NH 4 NO, ----- N, -!- 2H,0 

solution 
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of wires connected to a flash-lamp battery. The sodium hydroxide, 
formed at the cathode, affects the indicator and a red colour results 
around the wire there. Small U-tubes, or bent glass tubing, carbon 
electrodes (from flash-lamp batteries), and solutions of different 
salts (and concentrated hydrochloric acid), may be used in a series 
of experiments in electrolysis (for example, see Figure 34).^ It should 
be noticed that small-scale chemistry permits the use of platinum 
wire in place of the more costly foil commonly used for electrodes. 

Another particular advantage of these methods is in simple quali¬ 
tative tests for acidic and basic radicals, when it is necessary to carry 
out several tests on one solution, e.g. in testing for a chloride and a 
sulphate. The method recommended is to put several separate drops 
of the test solution on to a slide, to place drops of the reagents 
opposite to them, and to draw each pair together with a glass rod. 
Several tests are carried out in a few seconds, and the different results 
for the simple radicals are quickly observed (see Figure 35). Many 
qualitative tests—flame, borax bead, charcoal block—are always 



FIGURE 35.—A method of rapid qualitative testing for radicals 


carried out on the small scale. If a microscope is available students 
can examine crystals of sodium chloride when the class is analysing 
sea-water. Each student can be called up in turn to view the crystals. 
Again, when oxygen is being prepared, a pupil who completes his 
experiment quickly may show the growth of the differently-shaped 
crystals of potassium chloride and potassium chlorate with the help 
of a micro-projector. 2 

Helpful small-scale experiments can often be made by students as 

‘ S.S.R. 109. 363; S.S.R. 112.408: Volume composition of hydrogen diloride 

* Park-Winder, Micro-projection in Science Teacnii^, p. 33. 
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bird’s egg, try action of water and salt solutions, with and without manometer 
attached—references to more usual osmotic pressure experiments. 

Micro-Chemistry 

After the junior stage the student is more proficient in exi^ri- 
menting, and in consequence secures better results with specialized 
small-scale methods. It is necess^ to state again that the pupil 
should receive systematic training in the use of every t 3 q>e of appar¬ 
atus. It has already been stated that many teachers believe that small- 
scale methods should not, and indeed cannot for several reasons, be 
the usual method of carrying out practi^ work. Fipdy, some 
branches of micro-chemistry are too technical and speaalized, and 
are beyond the skill of pupils, who are unable to acquire the necessary 
technique in handhng accurate instruments and sensitive reagents. 
Secondly, the reagents and apparatus required in some of these teste 
are too expensive, and the chemistry of the reactions themselves is 
too complicated for school purposes. Thirdly, sufficient tiiM cannot 
be given to small-scale methods, as other experimental work is more 
important, and it is also impossible to use these 
ex^riments or in examinations. SmaU-scale methods cannot replace 
thHarge-scale preparation of pure organic substances, and exercises 

in volumetric and gravimetric analysis. , 

Other teachers have shown, however, that much time c^ be sav^ 
by appTyiS these newer methods to qualitative work ^pils who 
defiifitelv prefer smaU-scale methods and secure rehable r^ffite 
should L encouraged to extend their 
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The changes occurring in simple reactions should be illustrated by 
these models. Opportunity should be taken not only to introduce this 
work at every convenient stage in future lessons, but also to use it to 
revise earlier material in a systematic way. 

Equations illustrated by models, for example, may be used to 
summarize the oxidation of magnesium, the heating of mercuric 
oxide, the heating of calcium carbonate, and the preparation of 
hydrogen. Later, the laws of constant composition, multiple 
proportions and conservation of mass, and the atomic theory and 
equivalent weights may be introduced. The laws must be supported 
by results obtained in the laboratory, and, whenever possible, must 
be linked with any relevant work which follows. The atomic theory 
may be surveyed briefly from the historical aspect and, when the 
principles have been learnt, they should be applied to a further under¬ 
standing of the laws. The definitions of atom, molecule and symbol 
are then given, and a list of the simpler symbols is learnt by the pupil. 

Symbols, formulae and valency 

Many pupils find this branch of the subject very difficult to under¬ 
stand. It is sometimes necessary to split the class into two divisions: 
one division which builds up formulae and equations with moderate 
ease, and the other which finds great difficulty in balancing simple 
equations even when taught by drill methods. 

The pupUs are introduced to the idea of valencies by using coloured 
balls joined to one, two, three, four, five or six other balls. The terms 
atom, molecule, symbol and formula are each illustrated by these 
concrete models. Then the commoner elements and radicals of the 
same valency are grouped together and arranged under two headings, 
positive and negative. 

The models show that an atom of a monovalent metal such as 
sodium, having one valency-bond, can be joined to one radic^ only 
of chlorine to form a molecule of sodium chloride. The principle of 
formation of compounds from one atom of a monovalent metal with 
one monovalent acidic radical, or one atom of a divalent metal with 
one divalent acidic radical, or one divalent atom with two mono¬ 
valent atoms, and so on, is developed by oral work in class. Mech¬ 
anical exercises are necessary until the art of building up formulae is 
completely mastered. The straightforward method of memorizing the 
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similarity to algebraic symbols, and the balancing of eqmtions are 
serious problems to the immature mind. The young teacher must 
take these questions into consideration during the earlier years when 
formulae and equations are being taught. 

Care must always be taken with juniors to point out that —HCO, 
(bicarbonate), and NH4— (ammonium), are radicals and cannot 
exist alone but only as part of a compound. 

Further, it should be noted that most metals have a valency of two, 
and this generalization might be used in early lessons and the excep¬ 
tions noted, i.e. monovalent SAPS, as in the chart (if cuprous copper 
and mercurous mercury are included, SCAMPS); trivalent, alu¬ 
minium, ferric iron and phosphate; and quadrivalent, carbon and 
silicon. Later, pupils will encounter elements with variable valencies 
such as copper and mercury, mono- or di-; iron, di- or tri-; tin, lead 
and sulphur, di- or tetra-; and phosphorus and nitrogen, tri- or 
penta-valent. Young teachers must also be prepared for questions 
from pupils, who may ask for such information as the valency of 
iron in FegOi and of oxygen in H2O2. Further problems will be 
solved when advanced pupils learn the modem conceptions of 
valency—electrovalency and covalency. 

It is advisable to give pupils exercise in reading symbols and in 
stating the full meaning, for example, of 3 Na, and 50^. 

Several methods might be used in introducing formulae; 

( fl ) In the first place, atomic models, with valency-bonds attached, 
show pupils the need for satisfying the valencies of each atom in 
building up the formula for a molecule of a compound. Thus, the 
two valency-bonds of two monovalent chlorine atoms satisfy the 
two bonds of one divalent atom of magnesium, forming one molecule 
of magnesium chloride. 

(^>) A second method is to show, for example, that the formulae 
of salts and oxides may be built up theoreticaUy from those of water 
and the acids. Thus, the formula for hydrochloric acid, HCl, may be 
a useful starting-point for the formulae of all the chlorides. Mono¬ 
valent elements form chlorides of the class reprinted by XQ, 
divalent elements form chlorides of the class XCla, trivalent elements, 
XCI3, and so on. Similar examples should be worked out for the 
sulphates, nitrates, oxides, etc. 

(c) A third method is to write down the symbols for the atoms 
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and radicals, and to show that in a compound the valency of each 
atom (or radical) multiplied by the number of each must give the same 
value. In calcium chloride the calcium atom is divalent, and the mole¬ 
cule contains one calcium atom. The chloride radical is monovalent, 
therefore there must be two chlorine atoms in the formula of the 
molecule CaClg. Alternatively, the pupil might be shown this simple 
relationship by the temporary use of Roman figures for the valency: 

Ca^iCl^, Hg^O^i, MgiiNi”, (NHJjSOf and 


Common (i.e. popular) name 

Chemical name | 

i 

Formula 

Baking-soda , . . . 

j 

Sodium bicarbonate 

NaHCO, 

Black-lead; plumbago 1 

(Graphite, a form oO carbon 

C 

Bleaching-powder; ! 

chloride of lime j 

Mixture: chiefly calcium hypo¬ 
chlorite and basic calcium 
chloride 


Blue vitriol .... I 

(Hydrated) copper sulphate 

CuS04.5H,0 

Brass.' 

(An alloy of) copper and zinc 

— (Cu Sc Zn) 

Brimstone. 

(Roll) sulphur 

s 

Brine.1 

(Concentrated or saturated 
solution of) sodium chloride 
(in water) 

NaCl 

Carbide. 

Calcium carbide 

CaC, 

Caustic soda , . . . 

Sodium hydroxide 

NaOH 

Chalk.j 

(A natural form of) calcium 
carbonate 

CaCOj 

Chile Saltpetre. . * . i 

Sodium nitrate 

j N.NOa 

Epsom salts , . , . 1 

1 

(Hydrated) magnesium 
sulphate 

! MgS0«.7H,0 

Hypo (hyposulphite) . . , 

j 

(Hydrated) sodium thio¬ 
sulphate 

Na*S,0».5H,0 

Lime-water . , . . ’ 

(A saturated aqueous solution 
of) calcium hydroxide 

CaCOH), 

Pearl ash. 

Potassium carbonate 

KjCOj 

Plaster of Paris . , , | 

(Hydrated) calcium sulphate 

2CaS6«. HgO 

Quicklime. 

CJalcium oxide 

CaO 

Quicksilver .... 

Mercury 

Hg 

(Common) Salt ... 

Sodium chloride 

NaCI 

Saltpetre. 

Potassium nitrate 

j KNO, 

Slaked lime .... 

Calcium hydroxide 

Ca(OH)» 

(Cane) Sugar .... 

Sucrose 


Sulphuretted hydrogen 

Hydrogen sulphide 

H,S 

(Washing-) Soda . 

(Hydrated) sodium carbonate 

Na»CO,.10H,O 


^7. A chart of the chemical names and formulae of some 
common substances (see also p. 279) 
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All three methods should be used. The first and third are useful 
for oxides, sulphides, and other binary compounds; the second is 
available for salts of oxyacids, and introduces the idea of sub¬ 
stitution. 

Pupils must realize that the three methods are only teaching- 
devices. In the first case, it must be pointed out that there are no 
material valency ‘links’ or ‘bonds’, although pupils may be told later 
that in some cases it is considered that ‘bonds’ exist in the second 
case that the theoretical displacement of hydrogen from the acids 
may not occur in practice; and in the last, that the roman figures 
must later be deleted. Thus, the idea can be introduced that valency 
is not merely a mathematical convention, but is a constitutional 
property of the atoms concerned. 

A much longer list than that of Figure 37 is given in Appendix B, 
p. 279, and it could be extended still further. Lists of this kind are 
useful in many ways: as revision charts, especially when made 
under selected headings; as summaries and as memory-aids; for 
development as wall-charts, etc. Similar lists may be prepared 
for such subjects as: common ores; principal sources of elements 
(or metals or non-metals); precious stones; alloys, etc. Additional or 
alternative columns may be introduced: e.g. for method of prepara¬ 
tion; manufacture; chief properties; important uses, etc. Pupils 
should be encouraged to make brief classified lists for individual 
and class use. 

Errors made by pupils in constructing equations 

Although mistakes in equation-building are often due to carelessness 
or insufficient practice, even pupils of average intelligence and 
industrious habits encounter many obstacles when leammg this 
branch of theoretical Chemistry. It is especially important that 
equations should not be read mechanically so that the ‘plus and 
‘equal’ signs are misinterpreted and given an algebraic meaning. 

* Covalent compounds possess bonds in the sense of, presumably, pairs of 
shared electronic orbits. The mechanism by which these effect linka^ is iio 
precisely known. The link is directed, requires considerable force to distort it, 
is only extensible to a very smaU extent, and in fact behaves very inu^ ffie a 
stiff spring. Electrovalent compoimds such as salts have merely an ele^ostatic 
attraction. Consequently, as long as the distance between the ra is no 
increased, their relative motions are not resisted. 
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given in pupils’ note-books; for example: 

Cu H 2 SO 4 ^ CUSO 4 “i" Hg 
HgS -I- 2O2 = H2SO4 
KNO 3 - 1 - H 2 O = HNO 3 + KOH 
ZnS 04 -1- 2 HNO 3 = HaS 04 + Zn(NO^^ 

One pupil gave the following method for the preparation of carbon 
bisulphide from carbon and hydrogen sulphide by using the two 

C -f H 2 S = CS -f H, 

CS 4- HgS = CS 2 + Ha 

Another pupil stated that hydrochloric acid gas fumed when it 
came in contact with his breath because of the following reaction; 

CO 2 -f 4HCI = CCI 4 -h 2 H 3 O 

A third pupil, in his description of the lead-chamber process, 
wrote; ‘What actually happens is that the oxygen in the steam com¬ 
bines with one part of the nitrogen peroxide forming O 2 from the 
O and O. This combines with the Oa in the SOg forming O 4 . The 
hydrogen from the HgO and the S of the SOg form the rest of the 
equation: 

NOg + SOg 4- HgO = Hg -(- SO 4 -1- NO.’ 

Incorrect equations showing difficulty in appreciating the use of 
formulae frequently occur in pupils’ note-books. For example: 

1. CaO -h 2HC1 = CaCl 4- HgO 

2. Mg + H,S04 = MgS04 4- 2H 

3. Na 4" HgO = Hg 4” NaO 

4. NaCOa 4- 2HC1 = NaQ 4* HgO 4- COg 

The points to be noted in connexion with the above are:^ 

7 . shows that the young teacher should repeatedly warn his pupils 
that 2HC1 represents two molecules of hydrochloric acid (i.e. 
HCl 4- HCl) and not two atoms of hydrogen and one atom of 

chlorine; 1 . ij 

2 . shows the tendency to write down free atoms of a gas; it should 

be pointed out that the common gases which occur as elements are 
diatomic; 

3. is an example of a balanced equation which will not occur in 
practice: 
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often formed in chemical reactions. The hydrogen and oxygen atoms 
must then be present in the ratio of two to one to form the molecules 
of water. This helps in writing the equation for the reaction between 
manganese dioxide and concentrated hydrochloric acid. The pupils 
should be able to write the correct formulae for manganese dioxide 
and hydrochloric acid and should know that chlorine and man¬ 
ganese chloride are formed. The two atoms of oxygen form two 
molecules of water and thus four molecules of hydrochloric add are 
required, i.e. 

MnOg + 4HC1 = CI 2 + MnCla + 2HjO 

Similar considerations apply to the reaction of other oxidizing agents 
with concentrated hydrochloric acid, and to reactions between 
ammonia and oxygen, copper oxide and ammonia, and the reduction 
of oxides by hydrogen. 

Pupils should be told that equations must be written in terms of 
known substances with satisfied valencies. Errors such as 

KCIO 3 = KCI + O 3 

and CuO -t- 2HC1 = CUOCI 2 “h H 2 

are more difficult to correct and they can only be avoided by 

experience. 

More-advanced equations 

Equations are treated in outline when fiirst introduced, but greater 
precision is expected in later years. Several of the points previously 
discussed will still be causing trouble. The teacher will probably find 
that some pupils are almost incapable of writing correct equations. 

Increasing familiarity with symbols, formulae and equations makes 
it necessary to warn pupils that merely to be able to balance equa¬ 
tions correctly is not learning Chemistiy. Equations must be used 
as tools, and it must be understood that each S 3 nnbol represents a 
definite weight of an element, and that the volumes of gases reacting 
and produced in an equation are clearly conveyed by their coeffi¬ 
cients. It is advisable for the pupil to work out a number of suitable 
arithmetical problems. At first the arithmetical operations involved 
should be as simple as possible. At every stage the problems shoffid 
be connected with the pupil’s own work and whenever possible with 
everyday problems. Indeed, the solution of suitable problems in- 
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(/) The presence of another medium (usually water), in which 
reaction takes place, the effects it produces, or the concentration of 
the reactants in the medium. 

Such criticisms help to show pupils that equations should be used 
as an aid only, and that standing alone they cannot supply complete 
information. 

Misconceptions may come out during class discussion. After pre¬ 
paring crystals of magnesium sulphate by neutralizing dilute sul¬ 
phuric acid with magnesium oxide, an entirely erroneous idea may 
be obtained of the quantity of water formed in such a change. 
Demonstrations of passing dry hydrochloric acid ^ over a heated 
oxide show the pupil that little liquid water forms. Moreover, a 
chemical calculation shows that large volumes of hydrogen and 
oxygen must be burnt to produce any appreciable weight of 
water. 

In summarizing the solubility of ammonia in water the pupils 
write the equation NH, + H,0 = NH 4 OH, not realizing that only a 
fraction of the gas undergoes this chemical reaction and that most of 
it dissolves physically. Examples of similar changes will occur to the 
teacher, and in every case the pupil should be informed definite and 
accurately of his errors. 

Later, the student discovers that both teacher and text-book may 
have used completed equations to summarize certain reactions which 
do not in fact occur. The reaction of concentrated nitric acid with 
zinc depends, for example, on the concentration of the nitric add. 
A number of gaseous products result including NO*, NO, N^O, 
NH, OH; and although equations may be written for each stage it 
is usual for more than one reaction to occur simultaneously. 
Examples of such reactions are: 

Zn + 4 HNO 3 = Zn(NOs), + 2NO, + 2H,0 
3Zn + 8 HNO 3 = 3Zn(NO,)j + 2NO + 4H,0 
4Zn -i- lOHNO, = 4Zn(NO,), + N,0 + 5H,0 

Aeain, the formation of these gases is often explained by assu^g 
that nascent hydrogen reduces the nitric acid. This is only a teaching 
device, and it is doubtful if the following reactions actuaUy occur. 

HNO, ^ H - NO, -h H,0 
2 HNO, -r lOH = N, -f 6H,0 
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of oxygen representing 10 atoms of hydrogen; and therefore that the 
equivalent weight of potassium permanganate is 

molecular weight 316 

-— -= —— = 31‘6 

10 10 

Similarly KjCr^O, can be considered as K2O.Cr2O3.3O. 

Typical reactions in volumetric analysis are therefore represented; 

2KMn04 + SHaSO* + 10FeSO4 

= KaSO* + 2MnS04 + + 8H2O 

KaCraO, 4- 8H2SO4 + 6FeS04 

= 2KHSO4 + Cr2(804)3 4- 3Fe2(S04)3 4- 7 HaO 
2KMn04 4- SSOa 4- 2H20 = 2KHSO4 4- 2MnS04 4- H2SO4 
4. Later, the student should be introduced to ionic reactions and 
instead of writing 

AgNOa 4“ NaCl = AgCl 4” NaNOa 
should write Ag"^ 4- Cl“ = AgCl 

and instead of Zn 4- HaS 04 = ZnS 04 4~ Ha 

Zn + 2H+ = Zn2+ 4 - H, 

and the reactions in 3 above are given as follows: 

Mn07 4 - 8 H+ -r 5Fe2+ = Mn+-4- SFe^^ 4- 4HaO 
or Mn07 4 - 8 H + 5s = 4- 4 H 2 O 


Chemical equilibrium 

The algebraic aspect of a chemical equation often makes a reaction 
appear too definite so that it tends to be regarded independently of 
the actual experiment. The dynamic point of view of reacting 
chemicals should be stressed. The reaction between steam and iron 
gives an early opportunity for explaining the nature of chemical 
equilibrium. Pupils should be shown that aU four substanc^ (iron, 
steam, iron oxide and hydrogen) are present, and that the first two 
are graduaUy used up as the reaction proceeds. The chance of a 
reve^ible reaction occurring may be mentioned when outlinmg m 

simple words the law of mass action. 

A^gain, when marble is strongly heated with a blowpipe, the 

reaction must be pictured as a gradual one. The equation 

CaCO, = CaO 4* CO, 
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in the equatidii "' the eqiiaiion ^ the equatic 

), = CidftjeypaOH), = Ci(Kl 3 (a)pa(OH), = Cip«iGl 5 )PaOH 
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THE TEACHING OF CHEMISTRY 


articles on colour-cinematography, progress in coal science, radio¬ 
active tracers in biology, atomic energy, mineral resources, archaeo¬ 
logical dating by radioactive carbon, DDT and newer persistent 
insecticides, the use of zinc pigments in exterior painting. Each 
year’s articles and figures not only keep the student up to date but 
also point out the problems that are being solved at that particular 
period. The economic and social implications are often as valuable 
as the chemical discovery itself. 

The treatment of these subjects shows that Chemistry is still 
developing. Students in senior classes realize that elementary text¬ 
books are written in a simplified form for the benefit of the non¬ 
specialist, and that in later years these general principles and simple 
facts need to be extended and modified. 



CHAPTER X 


CHARIER X 
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chemical its correct name from the beginning. Unfortunately, some 
common substances have more than one name. It is helpful to write 
on the blackboard all the names of such a substance when it is first 
mentioned. Thus, when potassium nitrate is first used, the names 
potassium nitrate, saltpetre and nitre are written on the blackboard 
and bracketed together. A common substance such as baking-soda 
has three chemical names, sodium hydrogen carbonate, sodium acid 
carbonate, and sodium bicarbonate. It might be noted here that 
sodium hydroxide is also known as caustic soda and sodium hydrate. 
The latter is, unfortunately, often sand-blasted on reagent bottles 
and printed on labels, and therefore must be mentioned; but it is 
entirely wrong, and so should never again be used by the teacher. 
Further, the Greek prefixes, mono-, di-, tri-, and the Latin uni-, bl¬ 
and ter- are usually interchangeable (although dicarbonate and bi¬ 
oxide are never used), and the young pupil has to learn both systems. 
The general tendency, however, is to use Greek, and a word such as 
divalent is often used when bivalent would be more correct by 
derivation. 

It is extremely difficult for a teacher to explain why some terms are 
preferable to others, and this aspect is one that needs his close atten¬ 
tion. It will simplify matters for the pupils if a definite system for 
naming chemicals is used in the lower classes. Later, however, the 
pupils become familiar with synonymous words. 

The correct naming of apparatus is another difficulty encountered 
by many young pupils. They resort to the use of names such as bowl, 
vessel, jar and bottle as substitutes for the correct names. The writer 
has known a flask referred to as *a globe tube*, and a gaS'^ar lid 
called ‘a circular, flat piece of plain glass’. Crucibles are frequently 
confused with evaporating basins, and crucible tongs are called 
forceps or pincers. If the teacher finds that such difficulties are likely 
to arise, incidental teaching is not enough, and the names must be 
definitely taught. 

Suitable tests should be given at intervals to find out the sort of 
^culties caused by technical language, for it must be realized that, 
if an unfamiliar or abstract term cannot be connected with a known 
one, or with a concrete experience, mental dissatisfaction soon arises. 
The Chemistry course must therefore cultivate a gradual growth of 
ideas, and the pupils’ own experience must be the starting-point. The 
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hprtiyiiMoc^lflfte^ Ijp^gWjit^Qci^rili^Jiil ; 


IIljUIUJ 


tafc^fcfOTK#i^Mitrfpfc^fcfQiK^^lMi|t€ofl^®faiK^^Maia 


fciigilifci|i«pi|iiip^fifcii||i^iii®pipii^^i»8aii|i®iiitpiipittfe 

ns. observations. observations. observatio: 


i^apsiiioitgi!iliiippw|^^siiioiigfcifaipp«i^Sii#ilietigMiii^ 


smellb snielL) smelL) 

wa»rbt^Iii»iol®l|pi*iwai»ii»^!i»tul&lipfc«o 4 a«ieK^Iiil»te 

[iplIdcMrttiB tglttflxiiieiffiJbdaifc#*. hgMiiirfelipibdbhioim igWiaiie; 
Ptdlsiir unbreakfiti^tciwdlwv uiibreakali|ff #6«dtwb unbreakH5}B:«in 
' ioppiiiiilteblifli^c* aopjteiiii Acbnilip« mmlmmtk^mQ^m 

shosphorus isthffofeiffi'phospborus isthw^lfe^phospborus isliwttattb 

ift^swttKttep^S» 

neb yellow flamer yellow flamer yellow flar 



than airr 


than airr 


than airb 








OF CHEftTOMHlNG OF CHEMMIKHING OF CHMMlB«illMG 


wMwim Iq^m^^geihrt lattiFttE iMaha^^eitiit ttjrtwis hfita'^^gstlitt ta 


water. 


turns into waterF 


turns into watCTr 


turns into 




itoixiffiler partiwldilo tttoCOTlIr partft#f;nl|e ihKMiier parla#lttMo ll 


g and puiifyipftii^^dp and pujifg^fli^^dg and punifyiapiiti^il 

la overflowedd overfiowcdd overflowec 





of pupiii. of 000115 , of pupils- 

mM 

hpfftpirs wc^Mmmtth§^apiVs wtwk^^tihpfftpirs m'qgpptpwil 










mmwAmBmrnmjAammwA 







s 


fiilfcli^ijinigglmii^»lfc*i^i]tii^pm»l»#iifc*^%iiliiliJp»ll»l 


acid, sulpliurftr^^iit acid, sulphur^^i^iit acid, sulplmrlw^rtiiiit ; 
^ i|»iMf titip^iBjHlflie sfcfBiWf tffiip^ii|Blfite s^iUf tiii|l^Iijiil 


ilftibip»liaMlttMiirtMiitelflibipteteillBM#MK£Hliibq 3 tetoailttafflrtitetf 

^^rtstecifajrni^^ipdg^toi^Dfelriir^^lpd^rtcMsjfaiiiirp^lHdj 


with itd ccmbiiiecl with itd conihined with itc combinecl ’ 

|»ltAiiiiMttpMii|ipteiirtililillel:pl^|^iisA^iliti#lifc||q 
wip-^.ipfii m0LWIim-WkmAs-ffi3n iipkffWiiwWhp^-iphii aitt;Plii» 
Bdilito ihfctfIWeiwiriilto ibwflliaiiii 

W^iiifi^fid|ailil^W^ttlfi^|icflilip»tti^iiirtpf^ftl^I» 
i gash escapes the gass escapes the gas/ escapes the 

ikiSBlpts^io la^^iibhlvwlpt^ia ws^^»BWosBipft*ii 

wr <tort«AwiW wrt 

he tbllowing femWtiyp the following tyttoittp the tollowing ilpttiol 1 







OF CHEMffiSffiHING OF CHEMllaEMI'NG OF cHEMBMEMlNO 






miig avoided dlitfft^tiipfce avoided dltlfc^iMpfcc avoided dltteepttai 


«igg*|pt^^tot^i»s »ig^lpfc^^W^toBs » 


iifcrr 3 te^iiA»F*«iA«iitaBte|mfi»F»i«itli*»ittei*ai«iii»^B»«il*« 
Hirffiiw ^^fij|M 1 

^tepa^Wwip^lii^iaprf^bjiiitAttW^iapp^bpwi^ptiM 

•tlpttfintdfpf«ttii|W^ifpipritd}vp««df|»«fpii|ititb^|i»w«i|f 







CHAPTER XI 


CHAPTER XI 


of of JJilgCtHTWmo of 

Wa Mte tt aU M tt ati ifi Iffei M » H A1 dll 







be centred. 


be centred. 


be centred. 



cpnltisure ihtrfiiiHiptcpMiisure thirtifel^tcpafiMure thceiiiM^t 
Hlp^teipigi lipp^pia!|Uat»»|fciiidtap^ittlitWtti§^ 



i«iiaB*iiliiteBtii*MittttMi|mrtJiSrtteB|teMiiteB^amiaMcitoKfiiilAi 


itiiiHoart of ihaireBrenp*nif-part of ihiAdo|pn|T|Hiji,part of itaawio||:«| 

Zl 221 ’ 221 Z 












OF CHBMIOTMING of CHEM lglM MlNO OF CMEMtl»MlNG 

^i^wflof thesta^f thegmrtifiicif^Arfof thcsmrt^itM 

ilftitoiili^^ppiitiftiimpli^fciiPWlftiteiffl^tWiPi 

l»«i|it^Ii^ifw»irt»«»«litillWl|i#iittWl^^ 

!«liiii^itet#pi*,ii|iiifti^c<ii»ite^^ 











i MMORMre ACIiwrosS mWORWWACfMWlS mmormbacm Bit 





ropositions, melxical propositions, inetrical propositions, merrical p] 
ita^iigitfcpcSoi^AiAptil^tiiiiipcio««*i«i|WogiilpcifiM«*iA 


n," observationr oPservationp observatio 


mmmrnmifimmm^^mmmtfium^mmmmmifimwwM 









OF CHEMlB^MlNa OF OmkmTbMMTOO of CHEmIBSRHING 






IS, propojtiortS- proportions. proportior 

|:i^stii»iiifpill»i^Atg#si4t«tiii^itoTli^tiiiisil*Biii®ili»ito 


TeTnains, remains, remains. 







; mWDRWmNACHMlJBS TMNDR^BACH^lJeS ™MOrMHACI lOTBlS 


iPt llBfBttMtfobliMWstpto ItefirffiswobfisiftlfliifAft BaWHptfebiiiliWpl 
factory, factory- factory. 


l|itaiwifiaioit|a«lgeWBiiil|iBiiiMp4ftWiieW|#iWi|iMtfluAifciiicl^ 

efsh^viate fro*y*iiieiitclii*^riate Aa*#iiiciitclJit^yiate frowAtrifeni 


£m 






apparatus. apparatus. apparatus. 












OK or m:m tii ratt Ur UMMMiHJtBJllinu 




MiipffliiyaMfihk^^i^^^Mi%laBn«iiIa^p^^:^fflliyaM3«ii^^ap 

miiftartiealiolffla itttBmBttftaBiteiitio Btt ri ititoiiBftp^ttftlttiofllaM iitoa 




ifl ^ifppicaatKwaiiMrf^ ^teppicutiiwMtMrffl w^mivsmmmMm 

|efci^iii|iefti|«i»ftl^liii|iett^rtSipfti^<ifie^^ 

llteS»P%MiMW^teft»tiMi|ii|W^»ipPtiMitiiftJ^^ 

for revision, lessons or tor revision, lessons or for revision, leRsons or 







mMORMMSAClMB^S ™wORM«ACHVM»ES mwOKM«JAi;HW»KS 

jMBteiof EIotbss^ :Hiittcaio45iontt|pi©3#ft :iinlicMtAiofHi|pieiilft ;aiiHi 

^?tifflrtrtapfr£ft«ifa|i^aiarrt^p#c«isl|wi^ttnM^airjflwiWii 


tripods^ 


ttipods= 


AipodS, 


showTi, shown. shown. 










































































































OF CMEMIBMHING OF OHEMIBaKlTING OF OHEMIBSEmING 


®Bigbilpdiigtffl^^|ft^ttgh^dnpa^^|ftip|itlgii»pcin^«ii^rt|ftil 

| 4 t«*teti»ai§€^^lp|alilstellfeiiyite^^|^afiKieaifer!y|i^|^j|p 
mrcci with sOwidfcfflintopareci with azwiifeoiiJitopared with siawittcBfiitof 
^ ii}fiip|jaia^tiiaia^ ittttippaiaiWii^H^ AsMppaia^iiiWiffi 

shading, shading, shading. 


ifftstewlii^e^fe (^hopslHK^^reffl^ c^^afimSemSi^fi^^ t^ht 
iiipiliiiiiiiMtt^gfMlHipiiitt^fiiiv^^a^iiiihiaii^ 

iiitigcrtpy sst^s^oaMiifitgratpy iato«W»«Miitig|fl*pg isl^^ 




aDDaratus, anparatus, apparai-Us, 


Mm'yKarWfd^Bti$mm'U7npiKat^fi^M0mmrMim>mMyi#gt^aw, 

iharteeAMt^fiianTflmss ebariaeAwi£,4iawrflmfc eharMs^M£.,4h*wimMfc. J 





1 m WORMW ACHwRylS mMOK^W ACMMS MWORMHB ACMW WIS 

piil^dgtte aitttiaM ffi^filgttte fiiMftlgtfc < 

iipMWiiauttaitestaidwipliwifeptt^teteiidAiplihfiiifOBitrttefieiKlsi 

ti«t£Mili«tnirtpitat||®lilRt£iMili#lmi^tite|iitili{liwfifc« 

iiit}C«iiiMi|iti«!ppipiiii<ti^^ 







OF CHEMIISEHING OF CHEMI1*KH1nO OF tMEMUXEMlNO 


m Mtt^MoiBiiitfii^rt*il 


pttiiifcispitii]^^^iipHl^ispM^^»di6pM«fctepitiBii^^iftj 


iudialf leacli^K cflii^ uliMiiiifii Jeacli^l rftl#rt liaiMiMaiif jeach teg cilic4iitf 

a^^BwIteppirtft^ aM^!iBitfci|«pl|^itt ai 










































































































































CHEMIBSEMING OF CHEMlBiKHING OF l!HEMfR»CMTNG O 


aHM^lraBffceiHiiitl^ts aBswilimfflCfceiHiiitjfcts aaMtl UTia ol 



.dftoiMibe n^^aiiMiftolAlite a^l^aiiMd^iiMibe 



mniH^ adrt*t»iiitiiiHMteiliii|; ofintaeMMiiiMH 


fcpiwiilpa&#iieiligifl^^wlllpjii#teiM^j^siwlil|inB#l«illsiH 
lied in the nCiiriftelMmidiecl in the nearifbiiMudied in the ne^tlipMBid 


Mfldifiiiii tWdWiJafti^BptoiMil twdamftn 

bjtaiWwbtoSffWiitl 



irtoiiwiiw ^^wttwitifrtoftiGii® 

jecia lists. lecialists. 


secialists. 












mrno^^ActmwEs otmorm^acmtcs oihormmachw wis 


Tipting, worth attempting, worth attenipting, wortli attei 


Models Models Models 

rtfaiBtrf m oeiodiBkiOTrathiiaed ct ^firtelhmrfhrtitrf in wi^teHcoii: 





O.-^.'Thc mail’ 
im; m umcd- 
prcjcess 


.iif«eeRE 
:1 of iMf %o^nm 
CastfM t 


AJ.—Tile m: 

a fnoco, 
pfocess 


ofiiiiiTJRE 

1 of tlrf 

Casfiiil- 


SOCillJMi 



40, 


■The. iTiai|> 
a 

process 


mocel 


ofaGiJRE 4 
or iMf sotpi; 
Castfltl: 



^iwood, is Smtfi^Wii^lJKood, is liMeiiflfltiijiHiiKood, is 




Iftl f J^gic«gq*||> 


















OF raE^BWMlNG OF CHElBBJKinNG OF CHE1«B»KHING ■ 

ia^M^^pii|it%i^5 ^^a^te^*l|iii|filg^p ilhte^te^*lpiqlil^^pi 
I the actiiJil ptaMterGaiMi the actiial ptenlBrstaecl the actual p^Acstaiicl 
be be- be 





















































































































































i mMomMBActmwKS immomms a cimmws oiMoiMas achwws 


p-t^tting ahteatetrfe^c^Mjliig dh^^tecrte^t^ttiiil ahte^^aictt 

^^ttyKsta 


itfestad i» fta^-ttaciiflttei^ to i^Atincliflties^rt to j^^it^clif 
irtar#sttaillifarftollbartrtMi#sAotlifai^Mibili^tt:tosiitailifaiwirtttb« 

[ Hnx «i#cl^Alltrt 5 v^«t thn i*Me%tt 4 IMivttgt tito 

ipMtes i^fflhtaipifaitniitoiBs liliitliiiip^anftipttAs ^tehAnptopBti 

riiti. Alto d^piiii* latBttl^iiti «t«ill*iito d*gpiiito 1 

iii^Etoj c#Mtaiai*tttotipaAte#j €:<w«toialitttotti 

descnbecl, describecl, described. 


wwiflMpi%voii(piftt#iBMfi»pl#velihpiiti^ii^wifbipl*vci^iiH^il 

Bto#lp^ttoIaitMiiiBppo#pi|i^tfftoilriliiiappo^igififttariwtftimfl 

Jl®#Wiii#a|Jttitopppti»#«WMeiaftii«5pPpti»#^Wifial^topapt 



ictivities, such joint activities. such joint activities. such joint a 


y of i caching WHsr jor ms of teachingiMtigr Jurms of reachingMiag’' Jormi 





OF CHEhml^WING OF €HEmSS^iinG OF CHEFmM«»lNG ^ 

1 indko^a iM||ehKtaai 

gAi^ia«iiei^is|»iififeiipftpiii£i|ii|ifcA«Aiiiptoiifci||if|ifcA. 

!i= jreseTitatioM, jreseiimiion. jicsentafio: 


I ^induMjiakmmm Mms ^industria|i|>MO#Ml% C#;industoj|l#w6fM« 





coiHpaTisyiiaavoiiraMe copiparistiiisfavoyrablc compapsoaitPvoPFaPle 


imc= class at a tiaie, olass at a tnae* class at a t 


WuPftetts] 


i 


ifiWilpini 

ivajpaeqaire4iai,i(^|iifll^apquMe4^|icla|fiifif^Pequirc4,«i|cWif 





MMDRMTOACtMWBS IMMOF 




ACimmES iMMOi»*iAcw«iris 


A about. and to carry about, an d to carry about, and to can 


variety, variety, variety. 



WrttMttrdliffi^iptta^MrttBittrtfliffi^^tiBprtliAtBflardliB^lip^mpffi 
iiWialiilteicK|f^ipapBWialitfiwlciiyf^s^«9BtidKiitlwicK|f^e^fflp 
flItaHvs pupilsstonwtiteaifflfcavi pupilssBaiwtotaai^MVi pupilsstoiwfiMai 
i|^Mf e r^’Mhm rl® Tthe flKTtlie 

teliMttt ^ti#iifi|teitteaABiM ^ihfflMpItettBaehBiy; ^thi^tfplfcettea 

eiit or draniariMcBioBement or draniabaMioHcniciit or dramaiiaalMiHeiii^ 


ratahfildifireiii^^tewiHtahfiidiyirfiifa^^MHiAfltdiktrAi^^pOT 


siwaftaaW ittaap^^ 

aitto also bcirfitteijliitwitlyi also bealitiwiiiiiteii^ also hecifittiffiitiiA 
:ppalHlipiii«^itenp®aiiiipiTO€^itata|^»lHiapiaiK{^ito» 
itttructioii aortsaoicafibiilriiction anttwnieafiiiiitructioM anA*aD®eafii 

in motioii, apparatus in motion, apparatus in motion, apparatus 


possible. 


possible. 


possible. 


ctoty. 


nor satistactory. 


nor satisfactory. 


nor satistai 







OF CHENmEWMiNG OF mMEmSmmmO of OHEFfflKiKmNG 


required = required, required. 


L be only mnm^mksmM. be only senrrrdaifkMirf. be only semfrtlaaicfafli 
e’ ou the screflib picture’ on the scrrtfb ‘picture' on the scrrelite ‘pictui 

s time. at ihe sarnc time. at the same fime_ at the sam 

thf^p^^iiHif^ibi. tti|apf^i«ieiitotes ih«p*^ 
idplielire acayiii|fl||fiinfltlpi»l% mXpmm^maaM^ accpmts^m 

'films and fili^iffifm of films andfilr^mims qfjfime andfiir^ml^ of 
iiii^#ifiii^i<^ ilii^iiiii^^i^ 



fP i^wsotfiwBSHft 


Hstfirmiccs 


Kefsraicex 


Mefin:aiCGs^ 


o 






CHAPTER XII 


CHAPTER X 


HAPTER XI 







riittii3oii§»ii»i IfftiSlfatii^i^ll^tsM lf|teaMlt|cMii^i»S Wtel] 

ii^iti|^giiii|rtfi^p#iii|g^ii®iiA^^iSiit|^iiii^ 

ijiiaeij|^^jp«gH|^ ^ 

Mkh coiiifiitfti^fillititti coBiiiitcjwAiytiiiiAfii coiiniftiiiAiyfillii 


pa^to f/j^ fff simple apparaim i/gg pf xirmle appurutm fjse pf simple up^ 


pii#lW^*iiiiiilfc^ia|liwt^«iiW|^^i#^lpi«i«iii&M 







limi ted ^^aiHlpteand limited CTy mrii teiand limi ted ^yaf^^and 







OF CHENfflllEMING OF CHEFmllKMlNG OF CHEmIH*KMING 







molvc the SiifngjgpflfiPsoIve the si|if«,gp|lmolve the st|ff|||ilpfli 


frative ttse of ^^^nfif^rative use uf f m^hffffarative use^ of 














UMtmm W THCTOBBifw*»w«i ^wotmmmm 



fiiiiMtp^iflAiifcelirtlaifl*ilip^iflili|fceiirtiyflrtilp^.iliilte 
icaimg IS mc^mem of heating is nm^m^ of heating is necpMii^ of f 

I of gracihail i»|igln#ioM of gmeijhni Simian of practical ^ffptatior 

ptiW^ipl trta^S^WhlWJpt^ art^HS^I 

pp^WWifljiwirtwrtttaffeppaMrqdcBB^tort4itfhpp«m^dMHtf^«rt^E& 

tett 

jteAli«BtW4aft^^iMteTOtoh«ntWaa|h^i^MtowDtowottfiaifcfctoMta 

rtertip«iii_^pAjitAwa#%t&iri|f^Mit|il|^«ef^lipfiiiiifl^rtipi|fc 

§tfciitiiMgliTOirf*^®MrtiiTfiMgtii^MiK^%WeiiriB 3 iigtit^Wl^^ 

itf^iMltitta.pia«tttlicfflfdiiMftitt;ap««MicM^aiopJttap®KB?diei 


nt and practitoli^pi|pnt and practirali^pipnt and practifcaIipffl|Ji^ 








□F CHENffllWllING OF CHEmIBKMinG OF CHEfcBl^MlNCi * 


itlillftiii iftiprt^^rtiAMAtls 

Opp^^nef^ftHlrt fttis|pl^taEt«wirf; ftti 

i fch Qwledge QifhaAM«fchowieclge olfho#]tlmktiOwleclgc olfftftiiltte 

mstakc or ait#wi|iiit.iiiistaJce or ait»m^m.iiiistake or 





fli#Saii ifiitiWtts# ™*»ii«f aiifftc 

•ilp<!»,«BaMWfcnlpl»^| 

■ ^ . ‘ 














itotdW^i)«^a^«hmWMf|>#i*i»liiiiih«ttif|>«iftapBa 

icttrtaiiffldf^®i^ceflmdMiitori^#fl|iil^»edMdtiiilxridf|^ffiligi 

ip^dmmMm%^^limfimkdmmi§mik^^m^f^dmmmmik^^imm 

sWttia4iippM#oiirtiiirffi;toWffli§ptdi4flM»4i|^^larft^ilpfrti#}|irt^^ 

liafwiniWjfflsiti ^ttMbhtolwrtiitf asJci WbMtsJmittalAasici j^ftteihl 

|ffiiiiteviiiictoite|jltottimrtitei#4iic%^iayifaBiwi4¥tev#iiicteilia3pfttt 

■ iMfilijotfoiiiiirtl«lpifll»f irfiliWiietiaJMiffilpifltaf i*il|iiiBiletiianii»lpS|i^ 
epiii®p#MjtftAl|fhMeplB®p#Biiitfi3tfcq|liMonmio3fyiMi#iafcdlttM 

wmterty^d^ aoitoilllo/iA%at\*fifcw iMiWtil 

Brtlfttitis«gTOM®hp W»hp a 

BwtApitelkaiftia^tfMwto^^Wkaj^^tf^^WcpWflkijfifa^Kfa 

rtitiisrtfili*rw^rtii^«ittbirtfiipo»cfcgiisl^ilifc^lH«iE(^^il^ 

iiMPiiri#tiliaidteilptlrtwn^Aji®fcaateilptiw|pT^#i^aiail»ii^ 


idi pBfiJppi|ifl«ii«i!tiftg# p#pJ|aK^fMiteiJt3*tiii p»p|piE^»ii«lts 


« 4 iiti|»litj|toP|iali» 4 #ifiil»ltii|Jif#rt*i^ 


gs^RliliiMgtiiBiittltfttp^lWIIllifagiOfiifiiiiftgl^ 

aiWliiiifafc mlt^iilflt^ttwlifclt ailt^iiift 




OF CHIMIBKHING OF CHEMIIIKIIINO OF OfBMIl^lflNG 




litaipMJrfti«iitoi^|ll3ta^iiJitfliMiiitat*||iitalgWJi^IiWiti^^gi 


; research wotkt definite research woftt dctiiiite research wostt definitt 


fc fp flfeAmBg 

and vegetablei^Mdics and vegelablta^miics and vegetablei^Btaics . 

MSbingiilBi mi^nRfertdtHeiiliii TOtg^aR^ 

PMiWlpj stt^^lidapMiMpi A^wtalMi 

«i«i|llfl^ifeii^^ 


ractical expe|ii^ifnal practical expe|ji^^l practical cxpe|jffi«fikl p 


tions 


(jeneraiizanons 


{leneralizationy 


tjeneraiizii. 



_. ^ 

ateelrMiC^feKciut; rttiKKfiRMiWcfiailuwaliciHt; rt«eafiatete=hteitlwo^Jia«t: npEKSsaJ 

















Bp^i«iipia|f|4^*tep^h«ilpa^i|i^»^Wiaipli^i^*i 

i^rai^dlltaftiltoftcH^tafi^I^^fyiqiiaiiitaiiftWi^taipfttif' 

Aml9fciOT^iiiBicii*«i#toriiiipiidi^«i^ 


igiiiiMftli!stiii|i^lipwlceiifiMWMft$|i^i%«fl«iirtMilIt^^ 

|iiteWiMrta^|«f^c«i«idfa^tlirej.i#«ifl#M«iitaWllitm«llMi#t«ii 
UiKMii^fc Wt^ftwiWiteiiil^B wtgiteafctiiiBili to^E |»^^iiH 


d. 


be prepareb. 


be prepareb. 


be prepare 


bbeai bi the nm^kMfproblem in the fiMkrhmfproblem in ihe JifSMth^rpm 

lbta^Svtiiplifflft^itttbIta^tori4iSfa«^Kpifiyta^^vliiJbBi®.itoif«i 
Bp^a^^pfdi^^hfcgngpsfclrtJdiiBiptlMfflgii^esA^lbfilOiipiUli 
aili wafipKgiai 


pwMiip Aaiafe^iiitt^flhtfiifl 







OF CHEkffllWMlNG OF CHEMIBWEMING OF CHEMIBIKMINQ 





ittitistitirfolfcnli mditMmmmtMaiogntm mmtfm^msmtM^rfsmi mMitt 

M hcttiiMg mA^mm 

i»^#WiiiiWfiipwtiiB^^#WoilWiip«eaB%^#Woi»l%rte* 







<0 =0 ^Oc 


FoF 



OF /rfF 


E3 H - E E^ EE Ee“e E^EiSE“ 



























































































to^enisiiMMli^^ii^raiisi^feiMft^ii^csiisicMMMW 

*rf testtlfbwI^^piiAif ItoMlfowip^i^Arf »Esil11owip^^^ 


Lpparatus: Design apparatus: Design apparatus: Design a 

lapptaiiiute i&T^^i^aap^^use tfo^^j^aap^iiiute Ai^fi|kj^i 

oif«lis#hfpfii^^ljtpaaMifrte#biffi:^^j|pa3iMiI«itaAtiJffi^^s%Bfty 

rtMteippaad|^«|ipJiiriMiteiiipaHii|^tt|lpifl^»teiittsaflit|?pM|ipili 





rfiffpi^teai«^fiM rflafp 
m ^^MinAyttatAfiiM 


weight, wei^t, weighn 

ixture* (see Fig^^ffi)nixture" (see Fig^^^inixturD (see Fig^fotS^ 












OF CHENBBWHING OF CHEmBKMlNG OF CHEMIBKMING 


from tamwateilcd out from tap=watBfiled out tTom ta|>-walMriled out 
e. lead nitrate, lead nitrate, lead nitrat 

itia^ 

and 253 ). and 253 ), and 253 ), 

yinen^te|rtuli®^iM^»mon^teliiAulfefthiB^dHineHWisi*iuiiit%ili^ 

ij spiipiifc ifittaMfj| ^iipilifc tli«lhMjj| ipif^ifa tfaetfa rtn i 


/ dotrucdcnu Indorororv inrtrueijonj /^Oy^fp^s Oiyiruciiunr Lodfjrofon 



Ep^WiiaiM|^|pii»l|l^ii|ll|iitig|^lM»t^ 






i 

iiiWiltiii %iiifp|iiii8i WilM iii,iiifiwliei WiitoS ^ 








»pjbd|tli«ci^^ tli#lt«pptod|jJiwi^#|l ftilliipptbdpiieif^i tfieliaii 
rtttttge3f^^iaft^^^Ii^ift^L:aiO|fclMCT|y^j«ll4|ip|»|^^ 

M mmirna^t^mm&Mw rtw**^ iliMpteiitewififflij 

iMt^M€BmtmiM^owAmA<Mmmtwm^iMmwA^A(MmmiwmMi^ 

de||iWaTtttt ip^^^mmhdeWMaMm spg|i||£3onjjdeliiNatil® ipmi^mttia^ 
lflAB|fcM®irfiit|^ipiflc*lrliiBi|fbpDniiltii^ 


pi5tiigii|CiiofEg||iaiidirt*itjioiiitSiottittBc»*^tttttipiMCtfo 

»iriia IwfHiiaiiiiieiftltoTOtlfc tttei^rtcftltrn^tHie tocirtfl^yteihltoi 

m «iiBlici®«iiffid»OT5|ia i»li«i®r€ii^*teii5|ia lttnfteiiiojrttt^af|p 
tioiistpifiit ii»tiii®af«i ii^^iFittjili®ita|w^ftaWpaiftitli 

ipa^MwisftttttosWh ptajpitef^BidJWltisaiii j^ipitosiMtelsWjf'hsiiah 

riip*dfi cttiHitiiiMtotitiajig^iciii dtiittfilmoniwiip^ 

bichromate, potassium bichromate, potassium bichromate, potassium 


j^h^gpitiie an&thfrttfb#i4i^piliie an&thfirefpniili^piliie antefifprft 


Mtstf^rnm to#q^oWfegpM tetjRW^c 

bhcmistry= L-hemistry. Chemistry. 






OF rnmmmmmNG of mmmmxmmG of mtmmmmKmmQ 



retches. patiyiiiji sketches. panying sketches. panying si 


Lcse dionde. of manganese dioaide, of manganese dioxide, of mangae 

I^WWtenJte TteM^fc^^^^teapc 


time to time to ilfAftaipm^ tiirie to M||^eii*i 

neighh the more weighh the more weight. the more * 










rnm^^mm rt**i*i 

^mmi i rfobl^iilpttiiaiftfliiigi i^b^Mitttiwt 


ignilijeiiiigf^^l^pBitoattii^Mi^iiMftaitoaiMgwili^* 
ippi iiibi%/, o^i^giip^p rthhiy , ogiiirtftgfi^!^ uthh^, o|i|iifiti|pi 


'iioHiiiHijiii o0§mM hf itnwiiitiiim hf itmiitiium bf 

«^® 4 £t^!ptf^atibeE^dAcfci| 5 tipl| 1 «aBlib«iHrtrtffcqniptf!«itib 


rtWiiii of the ofiii gio»ttti»n of the oPlii ilimmWsiii of the i||r*t poi 


Not%*h6rf4fticiiieair. Mottofjjopilfaalttair, Notftt^oPtffhi 
o the other pwili that on the other |»i|h that on the other p«Mi that o 






i^iliiiii|!!f^ftll*i!iiiitafigflti|iifi«iteiif*it|«i|ilfWll^^ 









fJlJ 



































































f TBC»«raWlMW«f ^ 




Siiggestioiis SH ge estiOiiS suggestions 


jpa^talfetotf «lihadppaM^#itf wfghrtappa^iwAtf iig|hMa| 


grip^|*i* »i#i^irlip|^i^i* 
a rfiftafl«j^pt^sWM 

; afrt^efrfgp. of mass arKb^ertngp of mass aitthiAeiMigp of mass 


j Chemistry as a hobby Chemistry as a hobby Chemistry as a hobbj 











































OF CHEM»«MINQ of CHEMB«M1NG of CiiEM««WlNO 




teJ^ptotM-aArtlM|e«littlMipMrMaAll»e«tteiaiptelftiaA^Maia 


chemistry" chemistry^ chemistry, 

iwkftd hcIpfMiitaiiJWebmkah hclpfiilkihaipebtKJMfttl hc!pfij|i||tarilpet 


121 , 3 M. 


* S.E». Ill, J94, 


» S,OE 111, 3f4, 


* SO-*, 






CHAPTER Xill 


CHAPTER XIII 


^rojectSchool ProjectSchool ProjectScliool 1 


rr 


Aiatiasteipwiiiftii 1 

ii«Bpliron aai^ta^orntteaMMiaR 

tries and occil^tirtifstries and oecil^lfl^iistries and oCci|^|ii^iis 
^M^^BttbKir&aw^^^^^tt»bprttfcowll^to^^etttbafitftaiwih 






m^m 


m 


tSim t M a^MRlo^Mitts dbm dtJE t 

iprimtediid fnrtitthiiBpipfltateiibil fri^^Wi^ipri»iSitnd 

fcinhddU*be gltar^^fciBhdiM*be gHwi^^iijaidiWibe gHsrp^ 













OF CHEMllffiHING OF CHEMTOKMINO OF ™eMIB«M1NG 


el f^ifartfciiittAlptaiiB 

raaillhta^pf iMrttf|pBiia*tthtoi^ iB^i^Wn^lttlitaiesr iwi^i^iH 

iBtMdptep^»lii^pte^iiphipilMinfi^ptoM%ihipa»afi^pi 

mp^IAkiis iiMsiw*ii 

afl 4 ci»^iili^^i» aMcpwp^ 

created. inent dias created. meet thus created. meat thus 


Y be iactudedeei dm ately be iiiclededegitimately be meludecjeai dma tel 




#( 



imrM}4iiHlMarUi--ir iiEjtraU44fcimriOi*liitMaTUEr4i _atitru?-,SHmn€jiAHLiifcTU.c~s^ aejf ha jU 









z Wl^fchd ^ttthel ^^tjl^soi^yMibd s^^tgi^iil^ 

iMo&aile^itof = ifi^opfesiofeciHttrtttot, ifi^plirtiefeailo^ibf = ifi^wpte 


Li|ltakjBi!ftitteptiiii9iKti|fteMflifcittfepiKiHsts;tffteidHBfcrtttepirt 


^r^spclipiaiiii©lwia*o^^ 


miii 




investigation, investigatiori, imfestigation, 

flpiilBtJptl^iaftWpipilpatttipt^iHfa^giijpilpatittlpt^iHfMlglip 

iijhttiafwwpBill Wlhaiil|»liiiffl«^wti IWliaii 


^i|#fpgirtin^wg wgif»i|«p®iiiii^f Btiifi* 

^iiiitoi^gttlprtdgiiiii^lfiilai^flflpaWpt^^ 

Ei|iilifW|dviliBf*isioiiftfflipii»|[l>fiww«ii^^ 

gl}rtillOe^i*WlpiWi^tHlifPc^dlW|pl«irtWlnertiifaip|^«« 
i, water and fbod, water and food, water and fboc 






out in detail, out in detail, out in detaiL 

a lesson OTetterialSj e,g, a lesson #iftterials, e,g, a lesson ffliftterials^ e g. 


aaslWi^pw#^^JS and waslltegj|iwi^^p und wasllte|«pwi^#K atid ^ 

igfa-shftlls^ %8Mffi#^liiftrshaUs, f^^^^^iila-shells, 

copperand copperwult^M^^and copperwuI|Htfi^|sand 







OF CHEABI^MING OF CHEA«MMING OF CHEMli«MlNCl 






iwgi»ifi^ari^^ ipiwiiwiiWliari^^ Ip 


murse for a qSmffiSrie^eouroe for o mimMrt^murse for a 




ywfij 




iliiiw tf If 

wirtwiifa jip#fil^»iirtSiiii 1 * 

iitiPliiiftai 





= =-^-.=r ^ =^_-- ^ -= ^ ^ ^ ^ ^ H ^ ^ = 

w fwiiHw.s^wfPiiiiii* *ii(#iw.s»p*ww rntmap^t 



















wrfvwf A ^fffs^mMmmwph 

liftii|aprt|pg^}§lpfiii^flffpa|^@M§lppjii#iafp^ 3 |^g^i^tonfc 

imM tiil^lliffiipisJapii!# dilMMiiciiipii 


BttliTiMalfteif mmAmsamhi^m^m mmbgmsaMmmi^m Mwteoi 

aifiiittiil«tetli«tAfBfittm|tfrt#itoli«tii:iM^«i|jiii^iteli«A 

am.apMdil|fti*afcanilimapKdi^jAmM£HiitimapaKdj|}^rtftTOMi 

j§iiiiit|iieJottht#ttBiaB€liiaift®)MJ 3 isttiiipi©fciiiif^® 3 *ttAaiippd 

ilp*|tMaciiti)|frtl«wkti||p|p*|OTfeit||jj«*t«ikii|||itp*|«»eil|l^ 

itolmf pHp^taiiB ‘papplii# papjiptaitf ^^tfUteil# pap 


Wtertp ilnihiM4trtalite«»gp ailllii^iianli»«teiifj dnllMraAtipsi^ 

oi|itiifcti«lenipidr^apa#€fti«ii®iBpflpii«|ipn#fi^n«leiBpni:itmip 

iiFll^i«tpnpM«pSffe^ 4 l 




gwiiiipi^ptttwiifc giHiiiipi^|wpiSttiilft gtaiipi^paiiBiiflftft 
ifpp^owpplicii'iftwwp^pwppttc&ifyiiteplpfflppflrtrtAi^ 





OF CHEMIBWRHING OF OHEMllMElIlNa OF CHEMlfiMKMlNO 


p&lected to l9mt|tte? i|j lyiifllecfed to hQitTttieiajtoMfliected to l«itdhcji|Jt 

MM 

dven oti pagatofil:: are pven on pagoylttt are given on pagaFlIrl: arc | 
rnriroMnieto Jpe rurn/ envirnanieflf JPe rurp/ envpnnfiirni JPe rarn/ i 

ommifumf mmMm^mmtitmif mmlmim^nftfmw mmlmMf 





iR XIV 


CHAPTER XIV 


CHAPTER XIV 


CHAPTI 


hibMoilofol HxhibitMohoOl KxhibitSoko6l Bx 
beisHirii Mb Miubetairii Mb ubCliffirii Mb ill 11 


jreliminaries fjgcessary preUminaries Necessary preliminaries Ngcessaryf 

Bi^lilnlKinoiiiw^sitiBi^liWiklitoitite^stbra^lMHmoililft^sito 

^p^«|^ii|iilinAa^^piiwi|^i4ifi«n^^i^i#oi|^ifitefiAa^ 


essences, essenees, essenees. 







il 261 261 2e 




OF CHEMiaKMlNG OF CHE^IttMlNG OF CHEMltWMING 

lM«il<irtwo|fcf^ittWftf0rtttiii|^ipi|iM^ttO^^ 

m9^§mAmim iii 

Mmik uses M^^mlmmik uses luiri^Jiiiiwik uses l|||«iK(fJi|t 


M usul u uesueul uu t mb/ 

ii^wteOinWfc^ 


U usu/ue/ uu euO 

mikm 


A pmjeet 











CgMWifBmDf^P 


n water 4 project On water 4 project on water 4 proiect O 



■mAM^rn^m ^rtftsrttiitwMiii^ ^gwifiliiitpi^iilllft tatti 
tt^jpae^i^fcf^Mfcit^jKWiifit^iili^fctl^aesi^t^^f^Mi 

rnMmrnm j^iato 

priiwiiigiii^^ a^iMiiiigpatjffg^ ^^ilwliig«i^ji^ «i 



IhiWfwnHptiititowftiliiwc^wrtititoi^t^^WiBrtBwajdtfciiipc^ 

fhteitt«;^|itottliiin|lifc»iirttwM^|imftt«irtr^|i«»iiiiri 


iiii#Mialiil*pi^i«iiftilt#jMHAM^^i^M«iii#^rtHAw*pr^i«« 


tiirt^iHSlittii»ittrw^iiii4fifflMiatiln*i*jw*fc#fiiii!*ita:ft#rwM 


:=|ita'«i w»»l«wBfaf=piwrf w^«a«w«|ay=|fiH'oi wfttelBfTHwfaJ 


?CfJ Other projects Other projects Other projt 

ring essencesand flavouring cssencesund flavouring essencesuncl flavou 









OF CHEMIH^MING OF CHEMHWMING OF CHEftmlWlilNG 


glasses, glasses, glasses. 


danomtmtiomtidmeiml derrtomtratmmidiviAml demomtratmmidtvidMml 



process sliowf|jdastrial process showimiiistrial process 8liow|iicIus|rial 


paiMliiiiicIer rMiTO#ipilliw%nder ridi®i#ijliiitlli%iiiier rgdi^^j; 
inalfses. i. Gas analyses, p. Gas analyses, G Gas i 


fnical coiiiuiiiia#. Olheinical coGnriunF, "Ghetnical coniiixiafea, "Ghei 

p»a^^ 8p«i|wftt!lwfc 

ttpeid in a longj^aMifilblcid in a lqflijitailt|j|3ieid in a lQngjri»Stfl 

MRPiWSsgrfMi mmmH 

afcljtWMftjKttjiifp, *l!i( 




^ "wateogaitiG^i . silica "water^gardci^. Silica "water=garucp 







\mL QWMBrwDr^l 





reat inteiest, source of great inieicst, g^mce of peat interest, gpurce of g 


of'm exMi/ifi^fmtages of an exfnfiiiif^afifages of an extfioitiifeflpiipaa 






; tiine as liis pulie saine tinic as his prilie same lime as his iftitlie same 
pt|«thiteip Qc^a»|BaHpi^«baiwm Qc^Hpp»lipt^«batei|i mmmmM 
lciM»iiitiiE«is||iPiVWi|ecl#aAAtsoi|ip|«wi|eci*aiiiiMsffi^^ 


tesWpKpweatetefcWiitBW^pwcaffcsctahMcHW^^ailpficfch* 
ry typical of KialliMo^y typical of tiialptortity typical of HimjWSiMlit 

ptaAiM' aorsEa^milfliiiptaAiWi aotcia^iillyMiptiiittM liQBaaftoallfirii 
or all concerBidcation for all conceroddcation for all coocerHmlcation f 


Exhibits 


Exhibits 


Exhibits 


irpa^iyawilf^!!!^ cslijptt^tya^i^iMte taWjp^ttyaaillf^itfc mb 

tclcotiug usefWOTireteifeiclecting uscfWTOtecimielecting usefttaflireieimi 

fe^pfiAta^o^Ati^^WMpfiitoto^etVWfiw^WWpf 






OF ClfElfflB«BMING OF CTfKMlHKg MlNO OF CHEmB«M 1 NO 


resFtube.^ test=tubcF test-tiibeF 


^rtfies andpJ^rflalipA^^ies andpigfftiifllipf^ttyics andpl^siHlill^ 
^^#tetppa|iteiipiii^^^lp#aphiiiip|ji^^^tp#a|iipi«^ 


|FailCT|Hia»|iMtiipiiflttarftp^teb|iiicitiipiifl|Matfl(^teis|il^^ 


dyes, soap. 


dyes, soap. 


dyes, soap 


pies are if the sajnples are if the samples are if the sam; 


Lrly labeHed, (i) clearly labeled, (fj clearly labelled, (i) cleg 
^dind effective|p|i«»^€lind eiiective|ji)aii»^dini e|fectiYe||||iKii 
‘actiYe, (iij) attractive, (Mi) attraclive, (iii) atti 

ily seen or aa»ffil|l%asily seeii or accef|iill%asily seen or accci|iftl%as] 
to flip to^ p^M|iiiii^ to ipp ^ 

Bsecl ffoiTi tiiii^f^ ttMinged from timpiii ti^nged from timp;||| 


spcnial displi^itsanging special tiispl^ftanging spevtal uisplit^tangiilg 
clubs^ Chemistry ciubC Chemistry clubs^ chemistry 









iafrtiiiti|wiii^liltaiiB»ttliiiiiMiil'^»lteii«dliiiiiti^^ 

cfmditkmM. conciitioiis, cftnclitioiii* 


w Hckool Visits Schml Visits Scmot Vtst 


visit ate: visit are; visit are; 


mAm^ 




tioiifsl hoiirsl hcjiirsf 


duly disorgaiiieBlilii luicliily ciisorgairiEBliin unduly disorganiEullji Utt 

? of thfi visit? of the visit? of the visit' 


ig^ siifficieiiilyittttii^M|j stiflicieritlpttfcite3gW|j sufficieiiilpitt 


1 I II n 



of visits Advantages of visits Advantages of visits Advuniages 




wfe^Mdiot wfa^Maiot^Mwwae 









OF CHEMIB«MING OF CHEMB^MING OF CHEMB«MING 

tefictfcortty toiOli^H miAMmm ^fietfcortty mmtitmm ^ 

: and old boirCiovciTiors anci oM GojCiovcmors and oM bo%€iovcfTiOrs 
BWlipwiioiiiK^toll^iiisliyiOTdFltM^sIl^iftfliyiwiioifiMAteH^fi 
nfftory, forifuMntmmm^mry, forjfuMmimfari^mry, fdrilulittMcft 


3 RXV CHAPTER XV CHAPTER XV CHAPTl 

r r yTt febCdiWi i s t r yTfc tbCdi^in i s t r fcbCdrtpii i s 


rn&m^ 

iWrobsiWc^lk^^^ Jfct 

library. library, library. 


MPOpitifiBpifaiiirti^l|Hlt»l^tttJpjspii«li^fcSl|B*w^hp3p^ 

rnm^mmiMgmgmMitom^imnfifUmMmitfifi^rmmmigtmmMM 

ijptiaiofitodlil^testflcfli^titlwfitodfakfcstiiaMgbtsbotiteidtot^tesIfleft 

p«iEe€lfe«tii^fyTtoi®»ifepjaHii|I^wT#jMfpihe;pifimi^^l|ilAl« 

liitj^iJssfoimyiiiaAfflbbJ^tlisfni^btertEhoftbi^tissitaimiHittlho 

if|t«i|Mifler^iil«|§y3appWbMfer^ito^SHfpwt|idMer^*lHrj^sfi 

I |iieetiie 3 gifrig*ii:|sin^ |liHStfleJgir|ri§iBisf 

ligifeHilMiis^^HipipiMiisliiiilfcPisrtytiajpimwiipiiialiHdiss^sBjpipiB 

iitaiiiit|KsrfiMJMaAth®iltesrtic|reifinajaBrt!tliedittK8itb^iffianiAtlieif 

ttaiiciitiimti^ffi^ MidaffiwmolilnMtyfwIbah liraaiTO«lifiistfyiwfliflh tfcaa 
bifteipialli^mHWi^iiJi #toipia|t®^RMi#dti titoipja|i 
rttipAfitjfeS t isfka^Bf ditteitp*pb|s 3 1 tefii^fBgdttWibwpb^S i lBfi«|pBdilt 
sRiticular quiotirnswer particular quiPlftHisver particular quiftflliswer f 

lir®^teiBraip®1^iiwUi<a^iii**i«ipdtl|^MWrffl^M^alptflgefa; 
Riflaetiate BbakCBiipJiafMchate: Hbafeitaap^JiMciiate. HMkfBawl 

apttaii^§btr^ii^fflfifett^&Ag^trjrt;Cc^Mbfe&f€sfcw§bfr^bi^rtbfef 
j 9 269 269 If 










OF raEMmOTMlNG OF OllEM*MMlNG OF IMMMWttHlNO 



fciMip^prpiisjip|%o|teMipifcprf 



sMpiiml«pi4pW^ifaiiMp™iM»pi^^terftht^«p»(iiliipi^Mtaiibii 
books to thetlitaaEpof books to toaiM^iffipir books to thttiMIpiaspjit 
^rtaMfWm|stDiilflilW»t^rti^?^MlitiiijlHilmJ*t^rta^^tBB|slffiililw«ti 
i tot^rti^^iiirta^reabS 

iiinti^toi6ldttlt^eb^o|pWi^bAititth^^^plnBli^biHMtt^ttoii|ii 

ibMswf s^wbfcJAk^f Wfck^f T:^ffiw|s%iW 

pi«tt^#liaiii^Of|M«©«llip|#!»alo^Of|iy»B«lltp^ef3jti^inflJMi 


iffiiff^^MiipftiipWflffhii^Mailiip^pfcifliFtef^^tellipMpifil 

liili#«5ttfeijiMj*iiiirtiiip«3Mefi^rtiwiiiwlll^wt»fefi^*lW 




ly. periodically, periodicaliy. periodical 


fcWfMWiia 







RY 1 Il^aaiCHtMlSTRY RHEMIS I RY CHEMIST 



18^ 

aatiteB«4HR«#P igiM 

WifcirtHtf i j|M^«iii|S Wlfciriititf si i||^MM||s W^#teifysl4|^Mlills 

iijiCRS|ptt|tflfiii^ ttMnliti^pJe^illiilW i|fliH|Mi^pttpfi||n||f ^tili 
tcpjpiMMB 

i4rthriifc*iRg|ifi\|p;|rt4efbfiiE#ilRRtWwiiMl^fociME*i^ 

iWf ^ jiHit sup: iro»||fcj«i- ^pmia^gmm^Mm ympamxj^g^m^ 

lilM8istialicl|M»^ta|iiWMi3taliel|iirt£irtih|riwM|SB®fciiuElT*rtfiAjh|;i 

litaR pwBilcM&ii«A«ieiMpwttM liilittlfcwttoitaii pmnictoifMptt^aa: 

ihii||jj#'i®oiiawrtffl^to|pj#iiW«ite»it*aiiaWM|p#'lii«RtewRilrtii 

(faiwilliteibwpRietttflBii iwipitohai^RiettTOaiiiwipifastiKi^RiAaiii 

HiiiRiiri4rtpirt’4#iriM^litpjiiiiiAfiiwt*#irii4|ia}ilpJhii|rttpiBrii#aiiai 
sita^aHaiwnsi TWhAj^^itepttHaiima i^hrfcptotaittbaMftHaiWhrfcptai 

like altrfenot growing like altiissnot growing like aJtifcnot growing 
ike rnaiii tallter Aath make msin teUkr itoth make mata Itailfcr ifafli ma 

^ irbcto tppiiMitt#^ gffcrt irlithjlpiilfcil) 

^ iiii!iiai^iipcg*ttii|M 

s w Abalitf^ ft ^h^ifulheiw Atehs^ ft ^tewilfBftieiw i 







OF ™EM^mMlNG OF OF TIIEMTOBHING 


a*v^^Oj|i ArnMamm^jE^sim Sm^itiriii 

m^^^Mdmmrnmimai^^maismvMimM^^^miiismmmimi 


rtii^i]ii3^idiili«il|iatMiHwi»*«i^»»3»»iffcpwiissitfiWit 

^^ili5iaipMp^ii^rtMiipAlipipfei(iiiiii«Mj5diligi^epM^ 

tairfft#%3fiiii^ip^ii«i^il^tftiiigippitffiiiirfi#%;i|lfti^ipt^: 

ili^p^liicl^^ijIil^Mi^ptttJilia^pToIiihmMi^ii^lstci^piflfiiii# 


*ifcs«%ip»t jif f|i|sii#i|ppgi5itti%%i«tji tiip^i|^ikiitM^^ji£ tiiisti^i^ 


wwmmMw tlitoliihitaisftry thMj^§mimsw AIIjOJ 
G 285 ) (seep. 285 ) (seep. 285 ) (seep 

iMICAL historical historical HlSTC] 


rnmmt kfwfmtmmismmmt 

wkmv m rne^m^MimiMmn nr iffinnWMdMk 

rnMmMmmMhm g:inm0i^mimmh«r Fititn0mmm»Mbm Et 

WMiErs of cirnmtmmMfMErrs of cirntmmmmM^rs of cimmmmm^ 

’dimgfEWmikt^MsMm^ 



mmE. 




'IphE 





RY LlMmKYZHHMISTRY LIOTBBCHEMISTRY Ll] 




a’CHEMIST 


READERSGENERAL READERSGENERAL REAIIERSGENERAE 


mmaiXhemisAUma^ mmiE^hemisMnmtim WlW*B 

lirarA. Living cAtoHr®HrirarY Living fAttfatopM (JUMli. Living C Mtfm ritfjsEfci 
j/ry tC TTMh ffiflU^ie/MR/ry yf Today K^apirmBfry yf Jyttoy BMilc^yfni 
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